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PREFACE. 


The  present  volume  on  the  Anatomy  of  Invertebrated 
Animals  fulfills  an  undertaking  to  produce  a  treatise  on 
comparative  anatomy  for  students,  into  whicli  I  entered 
two-and-twenty  years  ago.    A  considerable  installment  of 
;  the  work,  relating  wholly  to  the  Invertebrataj  appeared  in 

the  Medical  Times  and  Gazette  for  the  years  1856  and 
1857,  under  the  title  of  "  Lectures  on  General  Natural 
'^  History.'^     But  a  variety  of  circumstances  having  con- 

»^:>  spired,  about  that  time,  to  compel  me  to  direct  my  atten- 
^  tion  more  particularly  to  the  Vertebrata^  I  was  led  to  in- 
terrupt the  publication  of  the  "Lectures"  and  to  com- 
plete the  Vertebrate  half  of  the  proposed  work  first.  This 
appeared  in  1871,  as  a  "  Manual  of  the  Anatomy  of  Verte- 
brated  Animals." 

A  period  of  incapacity  for  any  serious  toil  prevented 
me  from  attempting,  before  1874,  to  grapple  with  the  im- 
mense mass  of  new  and  important  information  respecting 
the  structure,  and  especially  the  development,  of  Inverte- 
brated animals,  which  the  activity  of  a  host  of  investiga- 
tors has  accumulated  of  late  years. 

That  my  progress  has  been  slow  will  not  surprise  any 
one  who  is  acquainted  with  the  growth  of  the  literature 
of  animal  morphology,  or  with  the  expenditure  of  time 
involved  in  the  attempt  to  verify  for  one's  self  even  the 
cardinal  facts  of  that  science ;  but  I  have  endeavored,  in 
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the  last  chapter,  to  supply  the  most  important  recent  ad- 
ditions to  our  knowledge,  respecting  the  groups  treated  of 
in  those  which  have  long  been  printed. 

When  I  commenced  this  work,  it  was  my  intention  to 
continue  the  plan  adopted  in  the  "  Manual  of  the  Anatomy 
of  Vertebrated  Animals,"  of  giving  a  summary  account 
of  what  appeared  to  me  to  be  ascertained  morphological 
facts,  without  referring  to  my  sources  of  information.  I 
soon  found,  however,  that  it  would  be  inconvenient  to 
carry  out  this  scheme  consistently  ;  and  some  of  my  pages 
are,  I  am  afraid,  somewhat  burdened  with  notes  and  ref- 
erences. 

I  am  the  more  careful  to  mention  this  circumstance  as, 
had  it  been  my  purpose  to  give  any  adequate  Bibliography, 
the  conspicuous  absence  of  the  titles  of  many  important 
books  and  memoirs  might  appear  unaccountable  and  in- 
deed blameworthy. 

My  object,  in  writing  the  book,  has  been  to  make  it 
useful  to  those  who  wish  to  become  acquainted  with  the 
broad  outlines  of  what  is  at  present  known  of  the  morphol- 
ogy of  the  Livertebrata  ;  though  I  have  not  avoided  the 
incidental  mention  of  facts  connected  with  their  physiol- 
ogy and  their  distribution.  On  the  other  hand,  I  have  ab- 
stained from  discussing  questions  of  aetiology,  not  because 
I  underestimate  their  importance,  or  am  insensible  to  the 
interest  of  the  great  problem  of  Evolution ;  but  because, 
to  my  mind,  the  growing  tendency  to  mix  up  setiological 
speculations  with  morphological  generalizations  will,  if 
unchecked,  throw  Biology  into  confusion. 

For  the  student,  that  which  is  essential  is  a  knowledge 
of  the  facts  of  morphology ;  and  he  should  recollect  that 
generalizations  are  empty  formulas,  unless  there  is  some- 
thing in  his  personal  experience  which  gives  reality  and 
substance  to  the  terms  of  the  propositions  in  which  these 
generalizations  are  expressed. 
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The  dissection  of  a  single  representative  of  each  of  the 
principal  divisions  of  the  Inveti£brata  will  give  the  student 
a  more  real  acquaintance  with  their  comparative  anatomy 
than  any  amount  of  reading  of  this,  or  any  other  book. 
And  I  have  endeavored  to  facilitate  practical  study  by 
supplying  a  somewhat  full  description  of  individual  forms, 
in  the  case  of  the  more  complicated  types. 

That  the  power  of  repeating  a  "  Classification  of  Ani- 
mals," with  all  the  appropriate  definitions,  has  anything 
to  do  with  genuine  knowledge  is  one  of  the  commonest 
and  most  mischievous  delusions  of  both  students  and  their 
examiners. 

The  real  business  of  the  learner  is  to  gain  a  true  and 
vivid  conception  of  the  characteristics  of  what  may  be 
termed  the  natural  orders  of  animals.  The  mode  of  ar- 
rangement, or  classification,  of  these  into  larger  groups  is 
a  matter  of  altogether  secondary  importance.  As  such,  I 
have  relegated  this  subject  to  a  subordinate  place  in  the 
last  chapter ;  and  I  have  thought  it  unnecessary,  either  to 
discuss  the  systems  proposed  by  others,  or  to  give  reasons 
for  passing  over,  in  silence,  my  own  former  attempts  in 
this  direction. 

Of  the  manifold  imperfections  in  the  execution  of  the 
task  which  I  have  set  myself,  few  will  be  more  sensible 
than  I  am ;  but  I  trust  that  the  book,  such  as  it  is,  may 
be  of  use  to  the  beginner. 

Those  who  desire  to  pursue  the  study  of  the  Inve^'te- 
hrata  further  will  do  well  to  consult  the  excellent  treatises 
of  Von  Siebold,'  Gegenbaur,'  and  Glaus ;  *  and  the  elabo- 

>  "  Lehrbuch  der  vergleichenden  Anatomie  der  wirbellosen  Thiere,"  1848. 
One  of  the  best  books  on  the  subject  ever  written,  and  still  indispensable. 

2  "  Grundzuge  der  vergleichenden  Anatomie,"  1870  ;  and  "  Gnindriss  der 
vergleichenden  Anatomie,"  1874. 

»  "  Grundzuge  der  Zodlogie."    3tte  Auflage,  1876. 
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rate  works  of  Milne-Edwards*  and  Bronn,*  in  which  a 
very  full  Bibliography  will  be  met  with.  Dr.  RoUeston's 
valuable  "  Types  of  Animal  Life,"  and  the  "  Elementary 
Instruction  in  Practical  Biology,"  by  myself  and  Dr. 
Martin,  will  prove  useful  adjuncts  to  the  appliances  of  the 
practical  worker. 

1  "  Legons  sur  la  Physiologie  et  PAnatomle  compar^e  de  rHomme  et  des 
Animaux."    Tomes  i.-xii.  (incomplete). 

s  ^^  Die  KlasBen  und  Ordnungen  des  Thierreiclis.''    Bde.  i.-yi.  (incomplete). 

London,  June^  1877. 
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THE  ANATOMY 

OF 

UsTYERTEBEATED    ANIMALS. 


INTRODUCTION. 

I. — THE   GENEBAX  PRINCIPLES   OF   BIOLOGY. 

The  biological  sciences  are  those  which  deal  with  the 
phenomena  manifested  by  living  matter;  and  though  it  is 
customary  and  convenient  to  group  apart  such  of  these  phe- 
nomena as  are  termed  mental,  and  such  of  them  as  are  ex- 
hibited by  men  in  society,  under  the  heads  of  Psychology 
and  Sociology,  yet  it  must  be  allowed  that  no  natural  boun- 
dary separates  the  subject-matter  of  the  latter  sciences  from 
that  of  Biology.  Psychology  is  inseparably  linked  with 
Physiology ;  and  the  phases  of  social  life  exhibited  by  ani- 
mals other  than  man,  which  sometimes  curiously  foreshadow 
human  policy,  fall  strictly  within  the  province  of  the  biolo- 
gist. 

On  the  other  hand,  the  biological  sciences  are  sharply 
marked  off  from  the  abiological,  or  those  which  treat  of  the 
phenomena  manifested  by  not-living  matter,  in  so  far  as  the 
properties  of  living  matter  distinguish  it  absolutely  from  all 
other  kinds  of  things,  and  as  the  present  state  of  knowledge 
furnishes  us  with  no  link  between  the  living  and  the  not- 
living. 

These  distinctive  properties  of  living  matter  are — 

1.  Its  chemical  composition — containing,  as  it  invariably 
does,  one  or  more  forms  of  a  complex  compound  of  carbon, 
hydrogen,  oxygen,  and  nitrogen,  the  so-called  protein  (which 
has  never  yet  been  obtained  except  as  a  product  of  living 
bodies)  united  with  a  large,  proportion  of  water,  and  forming 
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the  chief  constituent  of  a  substance  which,  in  its  primary  un- 
modified state,  is  known  s.^  protoplasm. 

2.  Its  universal  disintegration  and-  waste  by  oxidation; 
and  its  concomitant  reintegration  by  the  intussusception  of 
new  matter. 

A  process  of  waste  resulting  from  the  decomposition  of 
the  molecules  of  the  protoplasm,  in  virtue  of  which  they 
break  up  into  more  highly-oxidated  products,  which  cease  to 
form  any  part  of  the  living  body,  is  a  constant  concomitant 
of  life.  There  is  reason  to  believe  that  carbonic  acid  is  al- 
ways one  of  these  waste  products,  while  the  others  contain 
the  remainder  of  the  carbon,  the  nitrogen,  the  hydrogen,  and 
the  other  elements  which  may  enter  into  the  composition  of 
the  protoplasm. 

The  new  matter  taken  in  to  make  good  this  constant  loss 
is  either  a  ready-formed  protoplasmic  material,  supplied  by 
some  other  living  being,  or  it  consists  of  the  elements  of 
protoplasm,  united  together  in  simpler  combinations,  which 
consequently  have  to  be  built  up  into  protoplasm  by  the 
agency  of  the  living  matter  itself.  In  either  case,  the  addi- 
tion of  molecules  to  those  which  already  existed  takes  place, 
not  at  the  surface  of  the  living  mass,  but  by  interposition 
between  the  existing  molecules  of  the  latter.  If  the  processes 
of  disintegration  and  of  reconstruction  which  characterize 
life  balance  one  another,  the  size  of  the  mass  of  living  matter 
remains  stationary,  while,  if  the  reconstructive  process  is  the 
more  rapid,  the  living  body  grows.  But  the  increase  of  size 
which  constitutes  growth  is  the  result  of  a  process  of  molec- 
ular intussusception,  and  therefore  differs  altogether  from  the 
process  of  growth  by  accretion,  which  may  be  observed  in 
crystals  and  is  effected  purely  by  the  external  addition  of 
new  matter — so  that,  in  the  well-known  aphorism  of  Linnaeus," 
the  word  "grow,"  as  applied  to  stones,  signifies  a  totally  dif- 
ferent process  from  what  is  called  "  growth "  in  plants  and 
animals. 

3.  Its  tendency  to  undergo  cyclical  changes. 

In  the  ordinary  course  of  Nature,  all  living  matter  proceeds 
from  preexisting  living  matter,  a  portion  of  the  latter  being 
detached  and  acquiring  an  independent  existence.  The  new 
form  takes  on  the  characters  of  that  from  which  it  arose  ;  ex- 
hibits the  same  power  of  propagating  itself  by  means  of  an 
offshoot ;  and,  sooner  or  later,  like  its  predecessor,  ceases  to 

1  ^*  LapidM  cresount:  vegetabiUa  cresount  et  vivimt:  animaUa  creBount,  vi- 
Tont  6t  sentiunt/' 
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live,  and  is  resolved  into  more  highlyH)xidated  compounds  of 
its  elements. 

Thus  an  individual  living  body  is  not  only  constantly 
changing  its  substance,  but  its  size  and  form  are  undergoing 
continual  modifications,  the  end  of  vfrhich  is  the  death  and 
decay  of  that  individual ;  the  continuation  of  the  kind  being 
secured  by  the  detachment  of  portions  which  tend  to  run 
through  the  same  cycle  of  forms  as  the  parent.  No  forms  of 
matter  which  are  either  not  living,  or  have  not  been  derived 
from  living  matter,  exhibit  these  three  properties,  nor  any 
approach  to  the  remarkable  phenomena  defined  under  the  sec- 
ond and  third  heads.  But,  in  addition  to  these  distinctive 
characters,  living  matter  has  some  other  peculiarities,  the 
chief  of  which  are  the  dependence  of  all  its  activities  upon 
moisture  and  upon  heat,  within  a  limited  range  of  tempera- 
ture, together  with  the  fact  that  it  usually  possesses  a  certain 
structure,  or  organization. 

As  has  been  said,  a  large  proportion  of  water  enters  into 
the  composition  of  all  living  matter ;  a  certain  amount  of  dry- 
ing arrests  vital  activity,  and  the  complete  abstraction  of  this 
water  is  absolutely  incompatible  with  either  actual  or  poten- 
tial life.  But  many  of  the  simpler  forms  of  life  may  undergo 
desiccation  to  such  an  extent  as  to  arrest  their  vital  manifes- 
tations and  convert  them  into  the  semblance  of  not-living 
matter,  and  yet  remain  potentially  alive ;  that  is  to  say,  on 
being  duly  moistened  they  return  to  life  again.  And  this 
revivification  may  take  place  after  months,  or  even  years,  of 
arrested  life. 

The  properties  of  living  matter  are  intimately  related  to 
temperature.  Not  only  does  exposure  to  heat  sufficient  to 
decompose  protein  matter  destroy  life,  by  demolishing  the 
moleciilar  structure  upon  whicli  life  depends  ;  but  all  vital 
activity,  all  phenomena  of  nutritive  growth,  movement,  and 
reproduction,  are  possible  only  between  certain  limits  of  tem- 
perature. As  the  temperature  approaches  these  limits  the 
manifestations  of  life  vanish,  though  they  may  be  recovered 
by  return  to  the  normal  conditions ;  but,  if  it  pass  far  beyond 
these  limits,  death  takes  place. 

This  much  is  clear ;  but  it  is  not  easy  to  say  exactly  what 
the  limits  of  temperature  are,  as  they  appear  to  vary  in  part 
with  the  kind  of  living  matter,  and  in  part  with  the  con- 
ditions of  moisture  which  obtain  along  with  the  temperature. 
The  conditions  of  life  are  so  complex  in  the  higher  organisms, 
that  the  experimental  investigation  of  this  question  can  be 
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satisfactorily  attempted  only  in  the  lowest  and  simplest 
forms.  It  appears  that,  in  the  dry  state,  these  are  able  to 
bear  far  greater  extremes  both  of  heat  and  cold  than  in  the 
moist  condition.  Thus  Pasteur  found  that  the  spores  of  fungi, 
when  dry,  could  be  exposed  without  destruction  to  a  tem- 
perature of  120°-125°  C.  (248^-257°  Fahr.),  while  the  same 
spores,  when  moist,  were  all  killed  by  exposure  to  100°  C. 
(212°  Fahr.).  On  the  other  hand,  Cagniard  de  la  Tour  found 
that  dry  yeast  might  be  exposed  to  the  extremely  low  tem- 
perature of  solid  carbonic  acid  (—60°  C,  or  —76°  Fahr.)  with- 
out being  killed.  In  the  moist  state  he  found  that  it  might 
be  frozen  and  cooled  to  —5°  C.  (23°  Fahr.),  but  that  it  was 
killed  by  lower  temperatures.  However,  it  is  very  desirable 
that  these  experiments  should  be  repeated,  for  Cohn's  careful 
observations  on  Sacteria  show  that,  though  they  fall  into  a 
state  of  torpidity,  and,  like  yeast,  lose  all  their  powers  of  ex- 
citing fermentation  at,  or  near,  the  freezing-point  of  water, 
they  are  not  killed  by  exposure  for  five  hours  to  a  tempera- 
ture below  —10°  C.  (14°  Fahr.),  and,  for  some  time,  sinking 
to  —18°  C.  (— 0°.4  Fahr.).  Specimens  of  Spirillum  volutanSy 
which  had  been  cooled  to  this  extent,  began  to  move  about 
some  little  time  after  the  ice  containing  them  thawed.  But 
Cohn  remarks  that  JEJuglenoe,  which  were  frozen  along  with 
them,  were  all  killed  and  disorganized,  and  that  the  same  fate 
had  befallen  the  higher  Infusoria  and  JRotifera^  with  the  ex- 
ception of  some  encysted  VorticeUce^  in  which  the  rhythmical 
movements  of  the  contractile  vesicle  showed  that  life  was 
preserved. 

Thus  it  would  appear  that  the  resistance  of  living  matter 
to  cold  depends  greatly  on  the  special  form  of  that  matter, 
and  that  the  limit  of  the  Euglena^  simple  organism  as  it  is,  is 
much  higher  than  that  of  the  bacterium. 

Considerations  of  this  kind  throw  some  light  upon  the 
apparently  anomalous  conditions  under  which  many  of  the 
lower  plants,  such  as  Protocoecus  and  the  Diatomacem^  and 
some  of  the  lower  animals,  such  as  the  Radiolaria^  are  ob- 
served to  flourish.  I^otococcus  has  been  found  not  only  on 
the  snows  of  great  heights  in  temperate  latitudes,  but  cover- 
ing extensive  areas  of  ice  and  snow  in  the  Arctic  regions, 
where  it  must  be  exposed  to  extremely  low  temperatures — 
in  the  latter  case  for  many  months  together  ;  while  the  Arctic 
and  Antarctic  seas  swarm  with  Diatomacece  and  Radiolaria. 
It  is  on  the  DicUomacece,  as  Hooker  has  well  shown,  that  all 
surface-life  in  these  regions  ultimately  depends ;  and  their  enor- 
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mous  multitudes  prove  that  their  rate  of  multiplication  is  ade- 
quate to  meet  the  demands  made  upon  them,  and  is  not  seri- 
ously impeded  by  the  low  temperature  of  the  waters,  never 
much  above  the  freezing-point,  in  which  they  habitually  live. 

The  maximum  limit  of  heat  which  living  matter  can  resist 
is  no  less  variable  than  its  minimum  limit.  Kuhne  found 
that  marine  Amoebce  were  killed  when  the  temperature 
reached  35°  C.  (95°  Fahr.),  while  this  was  not  the  case  with 
fresh-water  Amoebce^  which  survived  a  heat  of  5°,  or  even  10°, 
C.  higher.  Actinophrya  Eichhornii  was  not  killed  until  the 
temperature  rose  to  44°  or  45°  C.  Didymium  serpula  is  killed 
at  35°  C.  ;  while  another  Myxomycete^  ^thcdium  septicunif 
succumbs  only  at  40°  C. 

Cohn  ("  Untersuchungen  Uber  Bacterien,"  JBeitrdge  zur 
Biologic  der  Pfianzen^  Heft  2, 1872)  has  given  the  results  of 
a  series  of  experiments  conducted  with  the  view  of  ascertain- 
ing the  temperature  at  which  Bacteria  are  destroyed  when 
living  in  a  fluid  of  de6nite  chemical  composition,  and  free 
from  all  such  complications  as  must  arise  from  the  inequalities 
of  physical  condition  when  solid  particles  other  than  the  Ba^ 
tcria  coexist  with  them.  The  fluid  employed  contained  0.1 
gramme  potassium  phosphate,  0.1  gr.  crj-stallized  magnesium 
sulphate,  0.1  gr.  tribasic  calcium  phosphate,  and  0.2  gr.  am- 
monium tartrate,  dissolved  in  20  cubic  centimetres  of  distilled 
water.  If  to  a  certain  quantity  of  this  "  normal  fluid  "  a  small 
proportion  of  water  containing  Bacteria  was  added,  the  mul- 
tiplication of  the  Bacteria  went  on  with  rapidity,  whether  the 
mouth  of  the  containing  flask  was  open  or  hermetically  closed. 
Hermetically-sealed  flasks,  containing  portions  of  the  normal 
fluid  infected  with  Bacteria^  were  submerged  in  water  heated 
to  various  temperatures,  the  flask  being  carefully  shaken,  with- 
out being  raised  out  of  the  water,  during  its  submergence. 

The  result  was,  that  in  those  flasks  which  were  thus  sub- 
jected, for  an  hour,  to  a  heat  of  60°-62°  C.  (140°-143°  Fahr.),* 
the  Bacteria  underwent  no  development,  and  the  fluid  re- 
mained perfectly  clear.  On  the  other  hand,  in  similar  experi- 
ments in  which  the  flasks  were  heated  only  to  40°  or  50°  C. 
(104°-122°  Fahr.),  the  fluid  became  turbid,  in  consequence  of 
the  multiplication  of  the  Bacteria,  in  the  course  of  from  two 
to  three  days. 

I  am  in  the  habit  of  demonstrating  annually,  that  Pasteur's 
solution  and  hay-infusion,  after  five  minutes'  boiling  in  a  flask 
properly  stopped  with  cotton- wool,  remain  perfectly  clear  of 
living  organisms,  however  long  they  may  be  kept.     The  same 
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holds  good  for  a  solution  analogous  to  Cohn's,  but  in  which 
a]l  the  saline  ingredients  are  ammonia  salts  ;  ^  and  in  which 
Sacteria  flourish  luxuriantly.  Prof.  TyndalPs  large  series 
of  experiments  give  the  same  results  for  fluids  of  the  most 
diverse  composition.  The  cases  of  milk  and  some  other  fluids 
in  which  3acteria  are  said  to  appear,  after  they  have  been 
heated  above  the  boiling-point,  require  renewed  investigation. 

Both  in  Ktlhne's  and  in  Cohn's  experiments,  which  last  have 
lately  been  confirmed  and  extended  by  Dr.  Roberts,  of  Man- 
chester, it  was  noted  that  long  exposure  to  a  lower  temper- 
ature than  that  which  brings  about  immediate  destruction  of 
life  produces  the  same  effect  as  short  exposure  to  the  latter 
temperature.  Thus,  though  all  the  Sacteria  were  killed,  with 
certainty,  in  the  normal  fluid,  by  short  exposure  to  temper- 
atures at  or  above  60°  C.  (140°  Fahr,),  Cohn  observed  that, 
when  a  flask  containing  infected  normal  fluid  was  heated  to 
60°-52°  C.  (122°-125°  Fahr.)  for  only  an  hour,  the  conse- 
quent multiplication  of  the  Bacteria  was  manifested  much 
earlier  than  in  one  which  had  been  exposed  for  two  hours  to 
the  same  temperature. 

It  appears  to  be  very  generally  held  that  the  simpler  vege- 
table organisms  are  deprived  of  life  at  temperatures  as  high 
as  60°  C.  (140°  Fahr.)  ;  but  it  is  affirmed  by  competent  ob- 
servers that  Algm  have  been  found  living  in  hot  springs  at 
much  higher  temperatures,  namely,  from  168°  to  208°  Fahr., 
for  which  latter  surprising  fact  we  have  the  high  authority  of 
Desclpiseaux.  It  is  no  explanation  of  these  phenomena,  but 
onlv  another  mode  of  stating  them,  to  say  that  these  organ- 
ism's have  become  "  accustomed  "  to  such  temperatures.  If 
this  degree  of  heat  were  absolutely  incompatible  with  the 
activity  of  living  matter,  the  plants  could  no  more  resist  it 
than  they  could  become  "  accustomed  "  to  be  being  made  red- 
hot.  Habit  may  modify  subsidiary,  but  cannot  afi*ect  funda- 
mental, conditions. 

Recent  investigations  point  to  the  conclusion  that  the  im- 
mediate cause  of  the  arrest  of  vitality,  in  the  first  place,  and 
of  its  destruction,  in  the  second,  is  the  coagulation  of  certain 
substances  in  the  protoplasm,  and  that  the  latter  contains 
various  coagulable  matters,  which  solidify  at  different  temper- 
atures. And  it  remains  to  be  seen  how  far  the  death  of  any 
form  of  living  matter,  at  a  given  temperature,  depends  on  the 

»  These  were  as  pure  as  I  could  obtain  them.    It  is  possible  the  fluid  may 
have  contained  an  inflnitesimal  proportion  of  fixed  mineral  matter. 
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destruction  of  its  fundamental  substance  at  that  heat,  and 
how  far  death  is  brought  about  by  the  coagulation  of  merely 
accessory  compounds. 

It  may  be  safely  said  of  all  those  living  things  which  are 
large  enough  to  enable  us  to  trust  the  evidence  of  micro- 
scopes,* that  they  are  heterogeneous  optically,  and  that  their 
different  parts,  and  especially  the  surface  layer,  as  contrasted 
with  the  interior,  differ  physically  and  chemically ;  while,  in 
most  living  things,  mere  heterogeneity  is  exchanged  for  a 
definite  structure,  whereby  the  body  is  distinguished  into 
visibly  diverse  parts,  which  possess  different  powers  or  func- 
tions. Living  things  which  present  this  visible  structure  are 
said  to  be  organized ;  and  so  widely  does  organization  obtain 
among  living  beings,  that  organized  and  living  are  not  unfre- 
quently  used  as  if  they  were  terms  of  coextensive  applicabil- 
ity. This,  however,  is  not  exactly  accurate,  if  it  be  thereby 
implied  that  all  living  things  have  a  visible  organization,  as 
there  are  numerous  forms  of  living  matter  of  which  it  cannot 
properly  be  said  that  they  possess  either  a  definite  visible 
structure  or  permanently  specialized  organs  :  though  doubt- 
less the  simplest  particle  of  living  matter  must  possess  a 
highly-complex  molecular  structure,  which  is  far  beyond  the 
reach  of  vision. 

The  broad  distinctions  which,  as  a  matter  of  fact,  exist 
between  every  known  form  of  living  substance  and  every  other 
component  of  the  material  world,  justify  the  separation  of 
the  biological  sciences  from  all  others.  But  it  must  not  be 
supposed  that  the  differences  between  living  and  not-living 
matter  are  such  as  to  bear  out  the  assumption  that  the  forces 
at  work  in  the  one  are  different  from  those  which  are  to  be 
met  with  in  the  other.  Considered  apart  from  the  phenomena 
of  consciousness,  the  phenomena  of  life  are  all  dependent 
upon  the  working  of  the  same  physical  and  chemical  forces 
as  those  which  are  active  in  the  rest  of  the  world.  It  may 
be  convenient  to  use  the  terms  "  vitality  "  and  "  vital  force  "  to 
denote  the  causes  of  certain  great  groups  of  natural  opera- 


1  In  considering  the  question  of  the  complication  of  molecular  structure 
which  even  the  smallest  and  simplest  of  living  beings  may  possess,  it  is  well 
to  recollect  that  an  organic  particle  nhm  of  an  inch  in  diameter,  in  which  our 
best  microscopes  may  be  incompetent  to  reveal  the  slightest  differentiation  of 
parte,  may  be  made  up  of  1,000,000  particles  nrB^awn  of  an  inch  in  diameter, 
while  the  molecules  of  matter  are  probably  much  less  than  TTsiorrs  of  an  inch  in 
diameter.  Hence  in  Stt(^  a  body  there  is  ample  scope  for  any  amount  of  com-* 
plexity  of  molecular  structure. 
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tions,  as  we  employ  the  names  of  **  electricity  "  and  "  electrical 
force  "  to  denote  others  ;  but  it  ceases  to  be  proper  to  do  so,  if 
such  a  name  implies  the  absurd  assumption  that  either  "  elec- 
tricity "  or  "vitality"  is  an  entity  playing  the  part  of  an  effi- 
cient cause  of  electrical  or  vital  phenomena.  A  mass  of  living 
protoplasm  is  simply  a  molecular  machine  of  great  complexity, 
the  total  results  of  the  working  of  which,  or  its  vital  phenom- 
ena, depend,  on  the  one  hand,  upon  its  construction,  and,  on 
the  other,  upon  the  energy  supplied  to  it ;  and  to  speak  of 
"  vitality  "  as  anything  but  the  name  of  a  series  of  operations 
is  as  if  one  should  talk  of  the  "  horologity  "  of  a  clock. 

Living  matter,  or  protoplasm  and  the  products  of  its  meta- 
morphosis, may  be  regarded  under  four  aspects  : 

(1.)  It  has  a  certain  external  and  internal  form,  the  la  iter 
being  more  usually  called  structure ; 

(2.)  It  occupies  a  certain  position  in  space  and  in  time  ; 

(3.)  It  is  the  subject  of  the  operation  of  certain  forces,  in 
virtue  of  which  it  undergoes  internal  changes,  modifies  exter- 
nal objects,  and  is  modified  by  them ;  and — 

(4.)  Its  form,  place,  and  powers,  are  the  effects  of  certain 
causes. 

In  correspondence  with  these  four  aspects  of  its  subject. 
Biology  is  divisible  into  four  chief  subdivisions — I.  Morphol- 
ogy; II.  Distribution;  III.  Physiology;  IV.  -Etiology. 


I.  Morphology. 

So  far  as  living  beings  have  a  form  and  structure,  they 
fall  within  the  province  of  Anatomy  and  Histology^  the  latter 
being  merely  a  name  for  that  ultimate  optical  analysis  of 
living  structure  which  can  be  carried  out  only  by  the  aid  of 
the  microscope. 

And,  in  so  far  as  the  form  and  structure  of  any  living 
being  are  not  constant  during  the  whole  of  its  existence,  but 
undergo  a  series  of  changes  from  the  commencement  of  that 
existence  to  its  end,  living  beings  have  a  Development,  The 
history  of  development  is  an  accuont  of  the  anatomy  of  a  liv- 
ing being  at  the  successive  periods  of  its  existence,  and  of  the 
manner  in  which  one  anatomical  stage  passes  into  the  next. 

Finally,  the  systematic  statement  and  generalization  of 
the  facts  of  Morphology,  in  such  a  manner  as  to  arrange  liv- 
ing beings  in  groups,  according  to  their  degrees  of  likeness, 
is  Tcbxonomy, 
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The  stady  of  Anatomy  and  Development  has  brought  to 
cht  certain  generalizations  of  wide  applicability  and  great 
importance. 

1.  It  has  been  said  that  the  great  majority  of  living  beings 
present  a  very  definite  structure.  Unassisted  vision  and  or- 
dinary dissection  sufl&ce  to  separate  the  body  of  any  of  the 
higher  animals,  or  plants,  into  fabrics  of  different  sorts,  which 
always  present  the  same  general  arrangement  in  the  same 
organism,  but  are  combined  in  different  ways  in  different 
organisms.  The  discrimination  of  these  comparatively  few 
fabrics,  or  tissues^  of  which  organisms  are  composed,  was  the 
first  step  toward  that  ultimate  analysis  of  visible  structure 
which  has  become  possible  only  by  the  recent  perfection  of 
microscopes  and  of  methods  of  preparation. 

Histology,  which  embodies  the  results  of  this  analysis, 
shows  that  every  tissue  of  a  plant  is  composed  of  more  or  less 
modified  structural  elements,  each  of  which  is  termed  a  cell; 
which  cell,  in  its  simplest  condition,  is  merely  a  spheroidal 
mass  of  protoplasm,  surrounded  by  a  coat  or  sac — the  ceU^ 
wall — which  contains  cellulose.  In  the  various  tissues,  these 
cells  may  undergo  innumerable  modification^  of  form — the 
protoplasm  may  become  differentiated  into  a  nucleus  with  its 
nucleolus,  a  primordial  utricle,  and  a  cavity  filled  with  a  wa- 
tery fluid,  and  the  cell-wall  may  be  variously  altered  in  com- 
position or  in  structure,  or  may  coalesce  with  others.  But, 
however  extensive  these  changes  may  be,  the  faqt  that  the 
tissues  are  made  up  of  morphologically  distinct  units — the 
cells — ^remains  patent.  And,  if  any  doubt  could  exist  on  the 
subject,  it  would  be  removed  by  the  study  of  development, 
which  proves  that  every  plant  commences  its  existence  as  a 
simple  cell,  identical  in  its  fundamental  characters  with  the  less 
modified  of  those  cells  of  which  the  whole  body  is  composed. 

But  it  is  not  necessary  to  the  morphological  unit  of  the 
plant  that  it  should  be  always  provided  with  a  cell-wall.  Cer- 
tain plants,  such  as  Protococcus^  spend  longer  or  shorter  peri- 
ods of  their  existence  in  the  condition  of  a  mere  spheroid  of 
protoplasm,  devoid  of  any  cellulose  wall,  while,  at  other  times, 
the  protoplasmic  body  becomes  inclosed  within  a  cell-wall,  fab- 
ricated by  its  superficial  layer. 

Therefore,  just  as  the  nucleus,  the  primordial  utricle,  and 
the  central  fluid,  are  no  essential  constituents  of  the  morpho- 
lo^cal  unit  of  the  plant,  but  represent  results  of  its  meta- 
morphosis, so  the  cell  wall  is  equally  unessential ;  and  either 
the  term  "  cell "  must  acquire  a  merely  technical  significance 
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as  the  equivalent  of  morphological  unit,  or  some  new  term 
must  be  invented  to  describe  the  latter.  On  the  whole,  it  is 
probably  least  inconvenient  to  modify  the  sense  of  the  word 
"cell." 

The  histological  analysis  of  animal  tissues  has  led  to  sim- 
ilar results,  and  to  difficulties  of  terminology  of  precisely  the 
same  character.  In  the  higher  animals,  however,  the  modifi- 
cations which  the  cells  undergo  are  so  extensive  that  the  fact 
that  the  tissues  are,  as  in  plants,  resolvable  into  an  aggrega- 
tion of  morphological  units,  could  never  have  been  established 
without  the  aid  of  the  study  of  development,  which  proves 
that  the  animal,  no  less  than  the  plant,  commences  its  exist- 
ence as  a  simple  cell,  fundamentally  identical  with  the  less 
modified  cells  which  are  found  in  the  tissues  of  the  adult. 

Though  the  nucleus  is  very  constant  among  animal  cells, 
it  is  not  universally  present ;  and,  among  the  lowest  forms  of 
animal  life,  the  protoplasmic  mass  which  represents  the  mor- 
phological unit  may  be,  as  in  the  lowest  plants,  devoid  of  a 
nucleus.  In  the  animal  the  cell- wall  never  has  the  character 
of  a  shut  sac  containing  cellulose  ;  and  it  is  not  a  little  diffi- 
cult, in  many  cases,  to  say  how  much  of  the  so-called  "  cell- 
wall  "  of  the  animal  cell  answers  to  the  "  primordial  utricle  " 
and  how  much  to  the  proper  "  cellulose  cell-wall  "  of  the  vege- 
table cell.  But  it  is  certain  that  in  the  animal,  as  in  the 
plant,  neither  cell-wall  nor  nucleus  is  an  essential  constituent 
of  the  cell,  inasmuch  as  bodies  which  are  unquestionably  the 
equivalents  of  cells — true  morphological  units — ^may  be  mere 
masses  of  protoplasm,  devoid  alike  of  cell-wall  and  nucleus. 

For  the  whole  living  world,  then,  it  results  :  that  the  mor- 
phological unit—fche  primary  and  fundamental  form  of  life — 
is  merely  an  individual  mass  of  protoplasm,  in  which  no  fur- 
ther structure  is  discernible  ;  that  independent  living  forms 
may  present  but  little  advance  on  this  structure ;  and  that  all 
the  higher  forms  of  life  are  aggregates  of  such  morphological 
units  or  cells  variously  modified. 

Moreover,  all  that  is  at  present  known  tends  to  the  conclu- 
sion that,  in  the  complex  aggregates  of  such  units  of  which 
all  the  higher  animals  and  plants  consist,  no  cell  has  arisen 
otherwise  than  by  becoming  separated  from  the^  protoplasm 
of  a  preexisting  cell ;  whence  the  aphorism,  "  Omnia  cellula  e 

It  may  further  be  added,  as  a  general  truth  applicable  to 
nucleated  cells,  that  the  nucleus  rarely  undergoes  any  consid- 
erable modification,  the  structures  characteristic  of  the  tis- 
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sues  being  formed  at  the  expense  of  the  more  superficial  pro- 
toplasm of  the  cells ;  and  that,  when  nucleated  cells  divide, 
the  division  of  the  nucleus,  as  a  rule,  precedes  that  of  the 
whole  cell. 

2.  In  the  course  of  its  development  every  cell  proceeds, 
from  a  condition  in  which  it  closely  resembles  every  other 
cell,  through  a  series  of  stages  of  gradually -increasing  diver- 
gence, until  it  reaches  that  condition  in  which  it  presents  the 
characteristic  features  of  the  elements  of  a  special  tissue. 
The  development  of  the  cell  is,  therefore,  a  gradual  progress 
from  the  general  to  the  special  state. 

The  like  holds  good  of  the  development  of  the  body  as  a 
whole.  However  complicated  one  of  the  higher  animals  or 
plants  may  be,  it  begins  its  separate  existence  under  the 
form  of  a  nucleated  cell.  This,  by  division,  becomes  con- 
verted into  an  aggregate  of  nucleated  cells — the  parts  of  this 
aggregate,  following  different  laws  of  growth  and  multiplica- 
tion, give  rise  to  the  rudiments  of  the  organs ;  and  the  parts 
of  these  rudiments  again  take  on  those  modes  of  growth,  mul- 
tiplication, and  metamorphosis,  which  are  needful  to  convert 
the  rudiment  into  the  perfect  structure. 

The  development  of  the  organism  as  a  whole,  therefore, 
repeats  in  principle  the  development  of  the  cell.  It  is  a  prog- 
ress from  a  general  to  a  special  form,  resulting  from  the  grad- 
ual differentiation  of  the  primitively  similar  morphological 
units  of  which  the  body  is  composed. 

Moreover,  when  the  stages  of  development  of  two  animals 
are  compared,  the  number  of  these  stages  which  are  similar 
to  one  another  is,  as  a  general  rule,  proportional  to  the  close- 
ness of  the  resemblance  of  the  adult  forms  ;  whence  it  fol- 
lows that  the  more  closely  any  two  animals  are  allied  in  adult 
structure,  the  later  are  their  embryonic  conditions  distinguish- 
able. And  this  general  rule  holds  for  plants  no  less  than  for 
animals. 

The  broad  principle,  that  the  form  in  which  the  more  com- 
plex living  things  commence  their  development  is  always  the 
same,  was  first  expressed  by  Harvey  in  his  famous  aphorism, 
"  Omne  vivum  ex  ovo^^  which  was  intended  simply  as  a  mor- 
phological generalization,  and  in  no  wise  implied  the  rejection 
of  spontaneous  generation,  as  it  is  commonly  supposed  to  do. 
Moreover,  Harvey's  study  of  the  development  of  the  chick  led 
him  to  promulgate  that  theory  of  "  epigenesis,"  in  which  the 
doctrine  that  development  is  a  progress  from  the  general  to 
the  special  is  implicitly  contained. 
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Caspar  F.  Wolff  furnished  further,  and  indeed  conclusive, 
proof  of  the  truth  of  the  theory  of  epigenesis  ;  but,  unfortu- 
nately, the  authority  of  Haller  and  the  speculations  of  Bonnet 
led  science  astray,  and  it  was  reserved  for  Von  Baer  to  put  the 
nature  of  the  process  of  development  in  its  true  light,  and  to 
formulate  it  in  his  famous  law. 

3.  Development,  then,  is  a  process  of  differentiation  by 
which  the  primitively  similar  parts  of  the  living  body  become 
more  and  more  unlike  one  another. 

This  process  of  differentiation  may  be  effected  in  several 
ways: 

(1.)  The  protoplasm  of  the  germ  may  not  undergo  divi- 
sion and  conversion  into  a  cell  aggregate  ;  but  various  parts 
of  its  outer  and  inner  substance  may  be  metamorphosed  di- 
rectly into  those  physically  and  chemically  different  materials 
which  constitute  the  body  of  the  adult.  This  occurs  in  such 
animals  as  the  Infusoria^  and  in  such  plants  as  the  unicellular 
AlgoB  and  Fungi. 

(2.)  The  germ  may  undergo  division,  and  be  converted 
into  an  aggregate  of  division  masses^  or  hlastomeres^  which 
become  cells,  and  give  rise  to  the  tissues  by  undergoing  a 
metamorphosis  of  the  same  kind  as  that  to  which  the  whole 
body  is  subjected  in  the  preceding  case. 

The  body,  formed  in  either  of  these  ways,  may,  as  a  whole, 
undergo  metamorphosis  by  differentiation  of  its  parts ;  and 
this  differentiation  may  take  place  without  reference  to  any 
axis  of  symmetry,  or  it  may  have  reference  to  suclv  an  axis. 
In  the  latter  case,  the  parts  of  the  body  which  become  dis- 
tinguishable may  correspond  on  the  two  sides  of  the  axis  (bi- 
lateral symmetry),  or  may  correspond  along  several  lines  paral- 
lel with  the  axis  (radial  symmetry). 

The  bilateral  or  radial  symmetry  of  the  body  may  be  fur- 
ther complicated  by  its  segmentation,  or  separation  by  divi- 
sions transverse  to  the  axis,  into  parts,  each  of  which  corre- 
sponds with  its  predecessor  or  successor  in  the  series. 

In  the  segmented  body,  the  segments  may  or  may  not  give 
rise  to  symmetrically  or  asymmetrically  disposed  processes, 
which  are  appendages^  using  that  word  in  its  most  general 
sense. 

And  the  highest  degree  of  complication  of  structure,  in 
both  animals  and  plants,  is  attained  by  the  body  when  it  be- 
comes divided  into  segments  provided  with  appendages ;  when 
the  segments  not  only  become  very  different  from  one  another, 
but  some  coalesce  and  lose  their  primitive  distinctness  ;  and 
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when  the  appendages  and  the  segments  into  which  they  are 
subdivided  similarly  become  differentiated  and  coalesce. 

It  is  in  virtue  of  such  processes  that  the  flowers  of  plants, 
and  the  heads  and  limbs  of  the  Arthropoda  and  of  the  Ver- 
tebrata^  among  animals,  attain  their  extraordinary  diversity 
and  complication  of  structure.  A  flower-bud  is  a  segmented 
body  or  axis,  with  a  certain  number  of  whorls  of  appendages ; 
and  the  perfect  flower  is  the  result  of  the  gradual  differentia- 
tion and  confluence  of  these  primitively  similar  segments  and 
their  appendages.  The  head  of  an  insect  or  of  a  crustacean 
is,  in  like  manner,  composed  of  a  number  of  segments,  each 
with  its  pair  of  appendages,  which  by  differentiation  and  con- 
fluence are  converted  into  the  feelers  and  variously  modified 
oral  appendages  of  the  adult. 

In  some  complex  organisms,  the  process  of  differentiation 
by  which  they  pass  from  the  condition  of  aggregated  embryo 
cells  to  the  adult,  can  be  traced  back  to  the  laws  of  growth 
of  the  two  or  more  cells  into  which  the  embryo  cell  is  divided, 
each  of  these  cells  giving  rise  to  a  particular  portion  of  the 
adult  organism.  Thus  the  fertilized  embryo  cell  in  the  arche- 
gonium  of  a  fern  divides  into  four  cells,  one  of  which  gives 
rise  to  the  rhizome  of  the  young  fern,  another  to  its  first  root- 
let, while  the  other  two  are  converted  into  a  placenta-like 
mass  which  remains  imbedded  in  the  prothallus. 

The  structure  of  the  stem  of  Chara  depends  upon  the  dif- 
ferent properties  of  the  cells,  which  are  successively  derived 
by  transverse  division  from  the  apical  cell.  An  internodal 
cell,  which  elongates  greatly,  and  does  not  divide,  is  suc- 
ceeded by  a  nodal  cell,  which  elongates  but  little,  and  becomes 
greatly  subdivided ;  this  by  another  internodal  cell,  and  so 
on  in  regular  alternation.  In  the  same  way  the  structure  of 
the  stem,  in  all  the  higher  plants,  depends  upon  the  laws 
which  govern  the  manner  of  division  and  of  metamorphosis 
of  the  apical  cells,  and  of  their  continuation  in  the  cambium 
layer. 

In  all  animals  which  consist  of  cell-aggregates,  the  cells 
of  which  the  embryo  is  at  first  composed  arrange  themselves 
by  the  splitting,  or  by  a  process  of  invagination,  of  the  blas- 
toderm into  two  layers,  the  epiblast  and  the  hypoblast^  be- 
tween which  a  third  intermediate  layer,  the  mesoblaaty  ap- 
pears ;  and  each  layer  gives  rise  to  a  definite  group  of  organs 
in  the  adult.  Thus,  in  the  Vertebrata^  the  epiblast  gives  rise 
to  the  cerebro-spinal  axis,  and  to  the  epidermis  and  its  deriva- 
tives ;    the  hypoblast,  to  the  epithelium  of  the  alimentary 
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canal  and  its  derivatives  ;  and  the  mesoblast,  to  intermediate 
structures.  The  tendency  of  recent  inquiry  is  to  prove  that 
the  several  layers  of  the  germ  evolve  analogous  organs  in  in- 
vertebrate animals,  and  to  indicate  the  possibility  of  tracing 
the  several  germ-layers  back  to  the  blastomeres  of  the  yelk, 
from  the  subdivision  of  which  they  proceed. 

It  is  conceivable  that  all  the  forms  of  life  should  have  pre- 
sented about  the  same  differentiation  of  structure,  and  should 
have  differed  from  one  another  by  superficial  characters,  each 
form  passing  by  insensible  gradations  into  those  most  like  it. 
In  this  case  Taxonomy,  or  the  classification  of  morphological 
facts,  would  have  had  to  confine  itself  to  the  formation  of  a 
serial  arrangement,  representing  the  serial  gradation  of  these 
forms  in  Nature. 

It  is  conceivable,  again,  that  living  beings  should  have  dif- 
fered as  widely  in  structure  as  they  actually  do,  but  that  the 
interval  between  any  two  extreme  forms  should  have  been 
filled  up  by  an  unbroken  series  of  gradations  ;  in  which  case, 
again,  classification  could  only  affect  the  formation  of  series — 
the  strict  definition  of  groups  would  be  as  impossible  as  in  the 
former  case. 

As  a  matter  of  fact,  living  beings  differ  enormously,  not 
only  in  differentiation  of  structure,  but  in  the  modes  in  which 
that  differentiation  is  brought  about ;  and  the  intervals  be- 
tween extreme  forms  are  not  filled  up,  in  the  existing  world, 
by  complete  series  of  gradations.  Hence  it  arises  that  living 
beings  are,  to  a  great  extent,  susceptible  of  classification  into 
groups,  the  members  of  each  group  resembling  one  another, 
and  differing  from  all  the  rest,  by  certain  definite  peculiarities. 

No  two  living  beings  are  exactly  alike,  but  it  is  a  matter 
of  observation  that,  among  the  eniiless  diversities  of  living 
things,  some  constantly  resemble  one  another  so  closely  that 
it  is  impossible  to  draw  any  line  of  demarkation  between  them, 
while  they  differ  only  in  such  characters  as  are  associated 
with  sex.  Such  as  thus  closely  resemble  one  another  consti- 
tute a  morphological  species  ;  while  different  morphological 
species  are  defined  by  constant  characters  which  are  not 
merely  sexual. 

The  comparison  of  these  lowest  groups,  or  morphological 
species,  with  one  another,  shows  that  more  or  fewer  of  them 
possess  some  character  or  characters  in  common — some  feat- 
ure in  which  they  resemble  one  another  and  differ  from  all 
other  species — and  the  group  or  higher  order  thus  formed  is 


MORPHOLOGICAL  GROUPS.  23 

a  genus.  The  generic  groups  thus  constituted  are  susceptible 
of  being  arranged  in  a  similar  manner  into  groups  of  succes- 
sively higher  order,  which  are  known  as  families^  orderSy 
classeSy  and  the  like. 

The  method  pursued  in  the  classification  of  living  forms  is, 
in  fact,  exactly  the  same  as  that  followed  by  the  maker  of  an 
index  in  working  out  the  heads  indexed.  In  an  alphabetical 
arrangement,  the  classification  may  be  truly  termed  a  mor- 
phological one,  the  object  being  to  put  into  close  relation  all 
those  leading  words  which  resemble  one  another  in  the 
arrangement  of  their  letters,  that  is,  in  their  form,  and  to  keep 
apart  those  which  differ  in  structure.  Headings  which  begin 
with  the  same  word,  but  differ  otherwise,  might  be  compared 
to  genera  with  their  species ;  the  groups  of  words  with  the 
same  first  two  syllables,  to  families  ;  those  with  identical  first 
syllables,  to  orders ;  and  those  with  the  same  initial  letter,  to 
classes.  But  there  is  this  difference  between  the  index  and 
the  Taxonomic  arrangement  of  living  forms,  that  in  the  for- 
mer there  is  nothing  but  an  arbitrary  relation  between  the 
various  classes,  while  in  the  latter  the  classes  are  similarly 
capable  of  coordination  into  larger  and  larger  groups,  until 
all  are  comprehended  under  the  common  definition  of  living 
beings. 

The  differences  between  "  artificial "  and  "  natural  "  clas- 
sifications are  differences  in  degree,  and  not  in  kind.  In  each 
case  the  classification  depends  upon  likeness ;  but  in  an  artifi- 
cial classification  some  prominent  and  easil3'-observed  feature 
is  taken  as  the  mark  of  resemblance  or  dissemblance  ;  while,  in 
a  natural  classification,  the  things  classified  are  arranged  ac- 
cording to  the  totality  of  their  morphological  resemblances, 
and  the  features  which  are  taken  as  the  marks  of  groups  are 
those  which  have  been  ascertained  by  observation  to  be  the 
indications  of  many  likenesses  or  unlikenesses.  And  thus  a 
natural  classification  is  a  great  deal  more  than  a  mere  index. 
It  is  a  statement  of  the  marks  of  similarity  of  organization  ; 
of  the  kinds  of  structure  which,  as  a  matter  of  experience,  are 
found  universally  associated  together  ;  and,  as  such,  it  fur- 
nishes the  whole  foundation  for  those  indications  by  which 
conclusions  as  to  the  nature  of  the  whole  of  an  animal  are 
drawn  from  a  knowledge  of  some  part  of  it. 

When  a  paleontologist  argues  from  the  characters  of  a 
bone  or  a  shell  to  the  nature  of  the  animal  to  which  that  bone 
or  shell  belonged,  he  is  guided  by  the  empirical  morphologi- 
cal laws  established  by  wide  observation,  that  such  a  kind  of 
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bone  or  shell  is  associated  with  such  and  such  structural  feat- 
ures in  the  rest  of  the  body,  and  no  others.  And  it  is  these 
empirical  laws  which  are  embodied  and  expressed  in  a  natural 
classification. 

II.  Distribution. 

Living  beings  occupy  certain  portions  of  the  surface  of 
the  earth,  inhabiting  either  the  dry  land,  or  the  fresh  or  salt 
waters;  or  being  competent  to  maintain  their  existence  in 
either.  In  any  given  locality,  it  is  found  that  these  diflTerent 
media  are  inhabited  by  different  kinds  of  living  beings  ;  and 
that  the  same  medium,  at  different  heights  in  the  air  and  at 
different  depths  in  the  water,  has  different  living  inhabitants. 

Moreover,  the  living  populations  of  localities  which  differ 
considerably  in  latitude,  and  hence  in  climate,  always  present 
considerable  differences.  But  the  converse  proposition  is  not 
true — ^that  is  to  say,  localities  which  differ  in  longitude,  even 
if  they  resemble  one  another  in  climate,  often  have  very  dis- 
similar FauncB  and  Florm. 

It  has  been  discovered,  by  careful  comparison  of  local  fau- 
nae and  florae,  that  certain  areas  of  the  earth's  surface  are 
inhabited  by  groups  of  animals  and  plants  which  are  not  found 
elsewhere,  and  which  thus  characterize  each  of  these  areas. 
Such  areas  are  termed  JProvinces  of  Distribution.  There  is 
no  parity  between  these  provinces  in  extent,  nor  in  the  phys- 
ical configuration  of  their  boundaries  ;  and,  in  reference  to 
existing  conditions,  nothing  can  appear  to  be  more  arbitrary 
and  capricious  than  the  distribution  of  living  beings. 

The  study  of  distribution  is  not  confined  to  the  present 
order  of  Nature ;  but,  by  the  help  of  geology,  the  naturalist  is 
enabled  to  obtain  clear,  though  too  fragmentary,  evidence  of  the 
characters  of  the  faunae  and  florae  of  antecedent  epochs.  The  re- 
mains of  organisms  which  are  contained  in  the  stratified  rocks 
prove  that,  in  any  given  part  of  the  earth's  surface,  the  living 
population  of  earlier  epochs  was  different  from  that  which  now 
exists  in  the  locality  ;  and  that,  on  the  whole,  the  difference 
becomes  greater  the  farther  we  go  back  in  time.  The  organic 
remains  which  are  found  in  the  later  Cainozoic  deposits  of  any 
district  are  always  closely  allied  to  those  now  found  in  the 
province  of  distribution  in  which  that  locality  is  included ; 
while  in  the  older  Cainozoic  the  resemblance  is  less ;  and  in 
the  Mesozoic,  and  the  Palaeozoic  strata,  the  fossils  may  be 
similar  to  creatures  at  present  living  in  some  other  province, 
or  may  be  altogether  unlike  any  which  now  exist. 
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In  any  given  locality,  the  succession  of  living  forms  may 
appear  to  be  interrupted  by  numerous  breaks — ^the  associated 
species  in  each  fossiliferous  bed  being  quite  distinct  from 
those  above  and  those  below  them.  But  the  tendency  of  all 
palaeontological  investigation  is  to  show  that  these  breaks  are 
only  apparent,  and  arise  from  the  incompleteness  of  the  series 
of  remains  which  happens  to  have  been  preserved  in  any  given 
locality.  As  the  area  over  which  accurate  geological  investi- 
gations have  been  carried  on  extends,  and  as  the  fossiliferous 
rocks  found  in  one  locality  fill  up  the  gaps  left  in  another,  so 
do  the  abrupt  demarkations  between  the  faunae  and  florae  of 
successive  epochs  disappear — a  certain  proportion  of  the  gen- 
era and  even  of  the  species  of  every  period,  great  or  small, 
being  found  to  be  continued  for  a  longer  or  shorter  time  into 
the  next  succeeding  period.  It  is  evident,  in  fact,  that  the 
changes  in  the  living  population  of  the  globe  which  have  taken 
place  diffing  its  history  have  been  eflfected,  not  by  the  sud- 
den replacement  of  one  set  of  living  beings  by  another,  but 
by  a  process  of  slow  and  gradual  introduction  of  new  species, 
accompanied  by  the  extinction  of  the  older  forms. 

*  It  is  a  remarkable  circumstance  that,  in  all  parts  of  the 
globe  in  which  fossiliferous  rocks  have  yet  been  examined, 
the  successive  terms  of  the  series  of  living  forms  which  have 
thus  succeeded  one  another  are  analogous.  The  life  of  the 
Mesozoic  epoch  is  everywhere  characterized  by  the  abundance 
of  some  groups  of  species  of  which  no  trace  is  to  be  found  in 
either  earlier  or  later  formations  ;  and  the  like  is  true  of  the 
Palaeozoic  epoch.  Hence  it  follows,  not  only  that  there  has 
been  a  succession  of  species,  but  that  the  general  nature  of 
that  succession  has  been  the  same  all  over  the  globe  ;  and  it 
is  on  this  ground  that  fossils  are  so  important  to  the  geologist 
as  marks  of  the  relative  age  of  rocks. 

The  determination  of  the  morphological  relations  of  the 
species  which  have  thus  succeeded  one  another,  is  a  problem 
of  profound  importance  and  difficulty,  the  solution  of  which, 
however,  is  already  clearly  indicated.  For,  in  several  cases, 
it  is  possible  to  show  that,  in  the  same  geographical  area,  a 
form  A,  which  existed  during  a  certain  geological  epoch,  has 
been  replaced  by  another  form  B,  at  a  later  period;  and  that 
this  form  B  has  been  replaced,  still  later,  by  a  third  form  O. 
When  these  forms.  A,  B,  and  C,  are  compared  together  they 

^  are  found  to  be  organized  upon  the  same  plan,  and  to  be 
very  similar  even  in  most  of  the  details  of  their  structure; 
but  B  differs  from  A  by  a  slight  modification  of  some  of  its 
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parts,  which  modification  is  carried  to  a  still  greater  extent 
m  C. 

In  other  words,  A,  B,  and  C,  diflfer  from  one  another  in 
the  same  fashion  as  the  earlier  and  later  stages  of  the  em- 
bryo of  the  same  animals  differ  ;  and,  in  successive  epochs, 
we  have  the  group  presenting  that  progressive  specialization 
which  characterizes  the  development  of  the  individual.  Clear 
evidence  that  this  progressive  specialization  of  structure  has 
actually  occurred  has  as  yet  been  obtained  in  only  a  few  cases 
(e.  g.,  JEquidce^  Crocodilia)^  and  these  are  confined  to  the 
highest  and  most  complicated  forms  of  life  ;  while  it  is  de- 
monstrable that,  even  as  reckoned  by  geological  time,  the  pro- 
cess must  have  been  exceedingly  slow. 

Among  the  lower  and  less  complicated  forms,  the  evidence 
of  progressive  modification,  furnished  by  comparison  of  the 
oldest  with  the  latest  forms,  is  slight,  or  absent ;  and  some 
of  these  have  certainly  persisted,  with  very  little  change, 
from  extremely  ancient  times  to  the  present  day.  It  is  as 
important  to  recognize  the  fact  that  certain  forms  of  life  have 
thus  persisted,  as  it  is  to  admit  that  others  have  undergone 
progressive  modification. 

It  has  been  said  that  the  successive  terms  in  the  series  of 
living  forms  are  analogous  in  all  parts  of  the  globe.  But  the 
species  which  constitute  the  corresponding  or  homotaxic  terms 
in  the  series,  in  different  localities,  are  not  identical.  And, 
though  the  imperfection  of  our  knowledge  at  present  pre- 
cludes positive  assertion,  there  is  every  reason  to  believe  that 
geographical  provinces  have  existed  throughout  the  period 
during  which  organic  remains  furnish  us  with  evidence  of  the 
existence  of  life.  The  wide  distribution  of  certain  Palaeozoic 
forms  does  not  militate  against  this  view  ;  for  the  recent  in- 
vestigations into  the  nature  of  the  deep-sea  fauna  have  shown 
that  numerous  Crustacea^  ^hinodermatay  and  other  inver- 
tebrate animals,  have  as  wide  a  distribution  now  as  their  ana- 
logues possessed  in  the  Silurian  epoch. 

m.  Phtsiologt. 

Thus  far,  living  beings  have  been  regarded  merely  as 
definite  forms  of  matter,  and  biology  has  presented  no  con- 
siderations of  a  different  order  from  those  which  meet  the 
student  of  mineralogy.  But  living  things  are  not  only  natural 
bodies,  having  a  definite  form  and  mode  of  structure,  growth, 
and  development.    They  are  machines  in  action  ;  and,  under 
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this  aspect,  the  phenomena  which  they  present  have  no  par- 
allel in  the  mineral  world. 

The  actions  of  living  matter  are  termed  its  functions ; 
and  these  functions,  varied  as  they  are,  may  be  reduced  to 
three  categories.  They  are  either — (1),  functions  which  affect 
the  material  composition  of  the  body,  and  determine  its  mass, 
which  is  the  balance  of  the  processes  of .  waste  on  the  one 
hand  and  those  of  assimilation  on  the  other ;  or  (2),  they  are 
functions  which  subserve  the  process  of  reproduction,  which 
is  essentially  the  detachment  of  a  part  endowed  with  the  pow- 
er of  developing  into  an  independent  whole  ;  or  (3),  they  are 
functions  in  virtue  of  which  one  part  of  the  body  is  able  to 
exert  a  direct  influence  on  another,  and  the  body,  by  its  parts 
or  as  a  whole,  becomes  a  source  of  molar  motion.  The  first 
may  be  termed  sustentcUivey  the  second  generative^  and  the 
third  correlative  functions. 

Of  these  three  classes  of  functions  the  first  two  only  can 
be  said  to  be  invariably  present  in  living  beings,  all  of  which 
are  nourished,  grow,  and  multiply.  But  there  are  some  forms 
.^  of  life,  such  as  many  FuJigi^  which  are  not  known  to  possess 
any  powers  of  changing  their  form  ;  in  which  the  protoplasm 
exhibits  no  movements,  and  reacts  upon  no  stimulus ;  and  in 
which  any  influence  which  the  different  parts  of  the  body  ex- 
ert upon  one  another  must  be  transmitted  indirectly  from 
molecule  to  molecule  of  the  common  mass.  In  most  of  the 
lowest  plants,  however,  and  in  all  animals  yet  known,  the 
body  either  constantly  or  temporarily  changes  its  form,  either 
with  or  without  the  application  of  a  special  stimulus,,  and 
thereby  modifies  the  relations  of  its  parts  to  one  another,  and 
of  the  whole  to  surrounding  bodies  ;  while,  in  all  the  higher 
animals,  the  different  parts  of  the  body  are  able  to  affect,  and  be 
affected  by  one  another,  by  means  of  a  special  tissue,  termed 
nerve.  Molar  motion  is  effected  on  a  large  scal6  by  means  of 
another  special  tissue,  muscle ;  and  the  organism  is  brought 
into  relation  with  surrounding  bodies  by  means  of  a  third 
kind  of  special  tissue — ^that  of  the  sensory  organs — by  means 
of  which  the  forces  exerted  by  surrounding  bodies  are  trans- 
muted into  affections  of  nerve. 

In  the  lowest  forms  of  life,  the  functions  which  have  been 
enumerated  are  seen  in  their  simplest  forms,  and  they  are  ex- 
erted indifferently,  or  nearly  so,  by  all  parts  of  the  proto- 
plasmic body  ;  and  the  like  is  true  of  the  functions  of  the 
l)ody  of  even  the  highest  organisms,  so  long  as  they  are  in 
the  condition  of  the  nucleated  cell,  which  constitutes  the 
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starting-point  of  their  development.  But  the  first  process  in 
that  development  is  the  division  of  the  germ  into  a  number 
of  morphological  units  or  blastomeres,  which,  eventually,  give 
rise  to  cells  ;  and.  as  each  of  these  possesses  the  same  physio- 
logical functions  as  the  germ  itself,  it  follows  that  each  mor- 
phological unit  is  also  a  physiological  unit,  and  the  multicellu- 
lar mass  is  strictly  a  compound  organism,  made  up  of  a  mul- 
titude of  physiologically  independent  cells.  The  physiologi- 
cal activities  manifested  by  the  complex  whole  represent  the 
sum,  or  rather  the  resultant,  of  the  separate  and  independent 
physiological  activities  resident  in  each  of  the  simpler  con- 
stituents of  that  whole. 

The  morphological  changes  which  the  cells  undergo  in 
the  course  of  the  further  development  of  the  organism  do 
not  affect  their  individuality  ;  and,  notwithstanding  the  modi- 
fication and  confluence  of  its  constituent  cells,  the  adult  or- 
ganism, however  complex,  is  still  an  aggregate  of  morphologi- 
cal units.  Nor  is  it  less  an  aggregate  of  physiological  units, 
each  of  which  retains  its  fundamental  independence,  though 
that  independence  becomes  restricted  in  various  ways. 

Each  cell,  or  that  element  of  a  tissue  which  proceeds  from 
the  modification  of  a  cell,  must  needs  retain  its  sustentative 
functions  so  long  as  it  grows  or  maintains  a  condition  of 
equilibrium ;  but  the  most  completely  metamorphosed  cells 
show  no  trace  of  the  generative  function,  and  many  exhibit 
no  correlative  functions.  Contrariwise,  those  cells  of  the  adult 
organism  which  are  the  unmetamorphosed  derivatives  of  the 
germ  exhibit  all  the  primary  functions,  not  only  nourishing 
themselves  and  growing,  but  multiplying,  and  frequently 
showing  more  or  less  marked  movements. 

Organs  are  parts  of  the  body  which  perform  particular 
functions.  In  strictness,  perhaps,  it  is  not  quite  right  to 
speak  of  organs  of  sustentation  or  generation,  each  of  these 
functions  being  necessarily  performed  by  the  morphological 
unit  which  is  nourished  or  reproduced.  What  are  called  the 
organs  of  these  functions  are  the  apparatuses  by  which  cer- 
tain operations,  subsidiary  to  sustentation  and  generation,  are 
carried  on. 

Thus,  in  the  case  of  the  sustentative  functions,  all  those 
organs  may  be  said  to  contribute  to  these  functions  which  are 
concerned  in  bringing  nutriment  within  the  reach  of  the  ulti- 
mate cells,  or  in  removing  waste  matter  from  them  ;  while  in 
the  case  of  the  generative  function,  all  those  organs  contribute 
to  the  function  which  produce  the  cells  from  which  germs  are 
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given  off;  or  help  in  the  evacution,  or  fertilization,  or  develop- 
ment, of  these  germs. 

On  the  other  hand,  the  correlative  functions,  so  long  as 
they  are  exerted  by  a  simple  undifferentiated  morphological 
unit  or  cell,  are  of  the  simplest  character,  consisting  of  tnose 
modifications  of  position  which  can  be  effected  by  mere 
changes  in  the  form  or  arrangement  of  the  parts  of  the  pro- 
toplasm, or  of  those  prolongations  of  the  protoplasm  which 
are  called  pseudopodia  or  cilia.  But,  in  the  higher  animals 
and  plants,  the  movements  of  the  organism  and  of  its  parts 
are  brought  about  by  the  change  of  the  form  of  certain  tis- 
sues, the  property  of  which  is  to  shorten  in  one  direction 
when  exposed  to  certain  stimuli.  Such  tissues  are  termed 
contractile;  and,  in  their  most  fully  developed  condition, 
muscidar.  The  stimulus  by  which  this  contraction  is  natu- 
rally brought  about  is  a  molecular  change,  either  in  the  sub- 
stance of  the  contractile  tissue  itself,  or  in  some  other  part 
of  the  body ;  in  which  latter  case,  the  motion  which  is  set  up 
in  that  part  of  the  body  must  be  propagated  to  the  contractile 
tissue  through  the  intermediate  substance  of  the  body.  In 
plants,  there  seems  to  be  no  question  that  parts  which  retain 
a  hardly  modified  cellular  structure  may  serve  as  channels  for 
the  transmission  of  this  molecular  motion  ;  whether  the  same 
is  true  of  animals  is  not  certain.  But,  in  all  the  more  com- 
plex animals,  a  peculiar  fibrous  tissue — nerve — serves  as  the 
agent  by  which  contractile  tissue  is  affected  by  changes  oc- 
curring elsewhere,  and  by  which  contractions  thus  initiated 
are  co(5rdinated  and  brought  into  harmonious  combination. 
While  the  sustentative  functions  in  the  higher  forms  of  life 
are  still,  as  in  the  lower,  fundamentally  dependent  upon  the 
powers  inherent  in  all  the  physiological  units  which  make  up 
the  body,  the  correlative  functions  are,  in  the  former,  deputed 
to  two  sets  of  specially  modified  units,  which  constitute  the 
muscular  and  the  nervous  tissues. 

When  the  different  forms  of  life  are  compared  together  as 
physiological  machines,  tliey  are  found  to  differ  as  machines 
of  human  construction  do.  In  the  lower  forms,  the  mechan- 
ism, though  perfectly  well  adapted  to  do  the  work  for  which 
it  is  required,  is  rough,  simple,  and  weak;  while,  in  the 
higher,  it  is  finished,  complicated,  and  powerful.  Considered 
as  machines,  there  is  the  same  sort  of  difference  between  a 
polyp  and  a  horse  as  there  is  between  a  distaff  and  a  spin- 
ning-jenny. In  the  progress  from  the  lower  to  the  higher 
organism,  there  is  a  gradual  differentiation  of  organs  and  of 
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functions.  Each  function  is  separated  into  many  parts,  which 
are  severally  intrusted  to  distinct  organs.  To  use  the  strik- 
ing phrase  of  Milne-Edwards,  in  passing  from  low  to  high 
organisms,  there  is  a  division  of  physiological  labor.  And 
exactly  the  same  process  is  observable  in  the  development  of 
any  of  the  higher  organisms  ;  so  that,  physiologically  as  well 
as  morphologically,  development  is  a  progress  from  the  gen- 
eral to  the  special.  ^ 

Thus  far,  the  physiological  activities  of  living  matter  have 
been  considered  in  themselves,  and  without  reference  to  any- 
thing that  may  affect  them  in  the  world  outside  the  living 
body.  But  living  matter  acts  on,  and  is  powerfully  affected 
by,  the  bodies  which  surround  it;  and  the  study  of  the  in- 
fluence of  the  "  conditions  of  existence "  thus  determined 
constitutes  a  most  important  part  of  physiology. 

The  sustentative  functions,  for  example,  can  only  be  ex- 
erted under  certain  conditions  of  temperature,  pressure,  and 
light,  in  certain  media,  and  with  supplies  of  particular  kinds 
of  nutritive  matter ;  the  sufficiency  of  which  supplies,  again, 
is  greatly  influenced  by  the  competition  of  other  organisms, 
which,  striving  to  satisfy  the  same  needs,  give  rise  to  the 
passive  '*  struggle  for  existence."  The  exercise  of  the  correl- 
ative functions  is  influenced  by  similar  conditions,  and  by  the 
direct  conflict  with  other  organisms,  which  constitutes  the  ac- 
tive struggle  for  existence.  And,  finally,  the  generative  func- 
tions are  subject  to  extensive  modifications,  dependent  partly 
upon  what  are  commonly  called  external  conditions,  and  part- 
ly upon  whoUy  unknown  agencies. 

In  the  lowest  forms  of  life,  the  only  mode  of  generation 
at  present  known  is  the  division  of  the  body  into  two  or  more 
parts,  each  of  which  then  grows  to  the  size  and  assumes  the 
form  of  its  parent,  and  repeats  the  process  of  multiplication. 
This  method  of  multiplication  by  fission  is  properly  called 
generation,  because  the  parts  which  are  separated  are  sev- 
erally competent  to  give  rise  to  individual  organisms  of  the 
same  nature  as  that  from  which  they  arose. 

In  many  of  the  lowest  organisms  the  process  is  modified 
80  far  that,  instead  of  the  parent  dividing  into  two  equal 
parts,  only  a  small  portion  of  its  substance  is  detached,  as  a 
bud,  which  develops  into  the  likeness  of  its  parent.  This 
is  generation  by  gemmation.  Generation  by  fission  and  by 
gemmation  is  not  confined  to  the  simplest  forms  of  life, 
however.     On  the  contrary,  both  modes  of  multiplication  are 
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Gommon  not  only  among  plants,  but  among  animals  of  con- 
siderable complexity. 

The  multiplication  of  flowering  plants  by  bulbs,  that  of 
annelids  by  fission,  and  that  of  polyps  by  budding,  are  well- 
known  examples  of  these  modes  of  reproduction.  In  all 
these  cases,  the  bud  or  the  segment  consists  of  a  multitude 
of  more  or  less  metamorphosed  cells.  But,  in  other  in- 
stances, a  single  cell  detached  from  a  mass  of  such  undiffer- 
entiated cells  contained  in  the  parental  organism  is  the  foun- 
dation of  the  new  organism,  and  it  is  hard  to  say  whether  such 
a  detached  cell  may  be  more  fitly  called  a  bud  or  a  segment 
— whether  the  process  is  more  akin  to  fission  or  to  gemma- 
tion. 

In  all  these  cases  the  development  of  the  new  being  from 
the  detached  germ  takes  place  without  the  influence  of  other 
living  matter.  Common  as  the  process  is  in  plants  and  in 
the  lower  animals,  it  becomes  rare  among  the  higher  animals. 
In  these,  the  reproduction  of  the  whole  organism  from  a  part, 
in  the  way  indicated  above,  ceases.  At  most  we  find  that 
the  cells  at  the  end  of  an  amputated  portion  of  the  organism 
are  capable  of  reproducing  the  lost  part ;  in  the  very  highest 
animals,  even  this  power  vanishes  in  the  adult ;  and,  in  most 
parts  of  the  body,  though  the  undifferentiated  cells  are 
capable  of  multiplication,  their  progeny  grow,  not  into  whole 
organisms  like  that  of  which  they  form  a  part,  but  into  ele- 
ments of  the  tissues. 

Throughout  almost  the  whole  series  of  living  beings,  how- 
ever, we  find  concurrently  with  the  process  of  agamogenesis^ 
or  asexual  generation,  another  method  of  generation,  in  which 
the  development  of  the  germ  into  an  organism  resembling 
the  parent  depends  on  an  influence  exerted  hy  living  matter 
different  from  the  germ.  This  is  gamogenesis  or  sexual  gen- 
eration. Looking  at  the  facts  broadly,  and  without  reference 
to  many  exceptions  in  detail,  it  may  be  said  that  there  is  an 
inverse  relation  between  agamogenetic  and  gamogenetic  re- 
t  production.  In  the  lowest  organisms  gamogenesis  has  not 
yet  been  observed,  while  in  the  highest  agamogenesis  is  ab- 
sent. In  many  of  the  lower  forms  of  life  agamogenesis  is  the 
common  and  predominant  mode  of  reproduction,  while  gamo- 
genesis is  exceptional ;  on  the  contrary,  in  many  of  the  high- 
er, while  gamogenesis  is  the  rule,  agamogenesis  takes  place 
exceptionally. 

In  its  simplest  condition,  which  is  termed  ^^  conjugation^ 
sexual  generation  consists  in  the  coalescence  of  two  similar 
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masses  of  protoplasmic  matter,  derived  from  different  parts 
of  the  same  organism,  or  from  two  organisms  of  the  same 
species,  and  the  single  mass  which  results  from  the  fusion 
develops  into  a  new  organism. 

In  the  majority  of  cases,  however,  there  is  a  marked  mor- 
phological difference  between  the  two  factors  in  the  process, 
and  then  one  is  called  the  mo/e,  and  the  other  the  female^ 
element.  The  female  element  is  relatively  large,  and  under- 
goes but  little  ehange  of  form.  In  all  the  higher  plants  and 
animals  it  is  a  nucleated  cell,  to  which  a  greater  or  less 
amount  of  nutritive  material,  constituting  a  food-yelk^  may 
be  added. 

The  male  element,  on  the  other  hand,  is  relatively  small. 
It  may  be  conveyed  to  the  female  element  by  an  outgrowth 
of  the  wall  of  its  cell,  which  is  short  in  many  Algm  and  Fungiy 
but  becomes  an  immensely  elongated  tubular  filament,  in  the 
case  of  the  pollen-cell  of  flowering  plants.  But,  more  com- 
monly, the  protoplasm  of  the  male  cell  becomes  converted 
into  rods  or  filaments,  which  usually  are  in  active  vibratile 
movement,  and  sometimes  are  propelled  by  numerous  cilia. 
Occasionally,  however,  as  in  many  Nematoidea  and  Arthro- 
poda^  they  are  devoid  of  mobility. 

The  manner  in  which  the  contents  of  the  pollen-tube 
affect  the  embryo  cell  in  flowering  plants  is  unknown,  as  no 
perforation  through,  which  the  contents  of  the  pollen-tube 
may  pass,  so  as  actually  to  mix  with  the  substance  of  the  em- 
bryo cell,  has  been  discovered  ;  and  there  is  the  same  difli- 
culty  with  respect  to  the  conjugative  processes  of  some  of  the 
Cryptogamia.  But  in  the  great  majority  of  plants,  and  in 
all  animals,  there  can  be  no  doubt  that  the  substance  of  the 
male  element  actuallv  mixes  with  that  of  the  female,  so 
that,  in  all  these  cases,  the  sexual  process  remains  one  of  con- 
jugation ;  and  impregnation  is  the  physical  admixture  of  pro- 
toplasmic matter  derived  from  two  sources,  which  may  be 
either  different  parts  of  the  same  organism,  or  different  organ- 
isms. 

The  effect  of  impregnation  appears  in  all  cases  to  be  tljat 
the  impregnated  protoplasm  tends  to  divide  into  portions 
(blastomeres),  which  may  remain  united  as  a  single  cell-aggre- 
gate, or  some  or  all  of  which  may  become  separate  organ- 
isms. A  longer  or  shorter  period  of  rest,  in  many  cases, 
intervenes  between  the  act  of  impregnation  and  the  com- 
mencement of  the  process  of  division. 

As  a  general  rule,  the  female  cell,  which  directly  receives 
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the  influence  of  the  male,  is  that  which  undergoes  division 
and  eventual  development  into  independent  germs ;  but  there 
are  some  plants,  such  as  the  Floridece^  in  which  this  is  not 
the  case.  In  these,  the  protoplasmic  body  of  the  triohogyne, 
which  unites  with  the  spermatozooids,  does  not  undergo 
division  itself,  but  transmits  some  influence  to  adjacent  cells, 
in  virtue  of  which  they  become  subdivided  into  independent 
germs  or  spores. 

There  is  still  much  obscurity  respecting  the  reproductive 
processes  of  the  Infusoria  ;  but,  in  the  VbrticellidcB^  it  would 
appear  that  conjugation  merely  determines  a  condition  of  the 
whole  organism,  which  gives  rise  to  the  division  of  the  endo- 
plast  or  so-called  nucleus,  by  which  germs  are  thrown  off; 
and,  if  this  be  the  case,  the  process  would  have  some  analogy 
to  what  takes  place  in  the  Florideoe, 

On  the  other  hand,  the  process  of  conjugation  by  which 
two  distinct  Diporpoe  combine  into  that  extraordinary  double 
organism,  the  Jbiplozoon  parddoxum^  does  not  directly  give 
rise  to  germs,  but  determines  the  development  of  the  sexual 
organs  in  each  of  the  conjugated  individuals ;  and  the  same 
process  takes  place  in  a  large  number  of  the  Infusoria^  if 
what  are  supposed  to  be  male  sexual  elements  in  them  are 
really  such. 

The  process  of  impregnation  in  the  FloridecB  is  remark- 
ably interesting,  from  its  bearing  upon  the  changes  which 
fecundation  is  known  to  produce  upon  parts  of  the  parental 
organism  other  than  the  ovum,  even  in  the  highest  animals 
and  plants. 

The  nature  of  the  influence  exerted  by  the  male  element 
upon  the  female  is  wholly  unknown.  No  morphological  dis- 
tinction can  be  drawn  between  those  cells  which-  are  capable 
of  reproducing  the  whole  organism  without  impregnation 
and  those  which  need  it,  as  is  obvious  from  what  happens  in 
insects,  where  eggs  which  ordinarily  require  impregnation, 
exceptionally,  as  in  many  moths,  or  regularly,  as  in  the  case 
of  the  drones  among  bees,  develop  without  impregnation. 
Even  in  the  higher  animals,  such  as  the  fowl,  the  earlier 
stages  of  division  of  the  germ  may  take  place  without  im- 
pregnation. 

In  fact,  generation  may  be  regarded  as  a  particular  case 
of  cell-multiplication,  and  impregnation  simply  as  one  of  the 
many  conditions  which  may  determine  or  affect  that  process. 
In  the  lowest  organisms  the  simple  protoplasmic  mass  divides, 
and  each  part  retains  all  the  physiological  properties  of  the 
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whole,  and  consequently  constitutes  a  germ  whence  the  whole 
body  can  be  reproduced.  In  more  advanced  organisms  each  of 
the  multitude  of  cells  into  which  the  embryo  cell  is  converted 
at  first,  probably  retains  all,  or  nearly  all,  the  physiological 
capabilities  of  the  whole,  and  is  capable  of  serving  as  a  re- 
productive germ ;  but,  as  division  goes  on,  and  many  of  the 
cells  which  result  from  division  acquire  special  morphological 
and  phj'siological  properties,  it  seems  not  improbable  that  they, 
in  proportion,  lose  their  more  general  characters.  In  propor- 
tion, for  example,  as  the  tendency  of  a  given  cell  to  become  a 
muscle-cell  or  a  cartilage-cell  is  more  marked  and  definite,  it 
is  readily  conceivable  that  its  primitive  capacity  to  reproduce 
the  whole  organism  should  be  reduced,  though  it  might  not  be 
altogether  abolished.  If  this  view  is  well  based,  the  power  of 
reproducing  the  whole  organism  would  be  limited  to  those 
cells  which  had  acquired  no  special  tendencies,  and  conse- 
quently had  retained  all  the  powers  of  the  primitive  cell  in 
which  the  organism  commenced  its  existence.  The  more  ex- 
tensively diflPused  such  cells  were,  the  more  generally'  might 
multiplication  by  budding  or  fission  take  place ;  the  more  lo- 
calized, the  more  limited  would  be  the  parts  of  the  organism 
in  which  such  a  process  would  take  place.  And,  even  where 
such  cells  occurred,  their  development  or  non-development 
might  be  connected  with  conditions  of  nutrition.  It  depends 
on  the  nutriment  supplied  to  the  female  larva  of  a  bee  wheth- 
er it  shall  become  a  neuter  or  a  sexually  perfect  female ;  and 
the  sexual  perfection  of  a  larsfe  proportion  of  the  iutemal 
parasites  is  sVlarly  dependent^Sn  tYeir  food,  and  perhaps 
on  other  conditions,  such  as  the  temperature  of  the  medium 
in  which  they  live.  Thus  the  gradual  disappearance  of  aga- 
mogenesis  in  the  higher  animals  would  be  related  with  that 
increasing  specialization  of  function  which  is  their  essential 
characteristic ;  and,  when  it  ceases  to  occur  altogether,  it 
may  be  supposed  that  no  cells  are  left  which  retain  unmodified 
the  powers  of  the  primitive  embryo  cell.  The  organism  is 
like  a  society  in  which  every  one  is  so  engrossed  by  his  spe- 
cial business  that  he  has  neither  time  nor  inclination  to  marry. 
Even  the  female  elements  in  the  highest  organisms,  little 
as  they  differ  to  all  appearance  from  undifferentiated  cells, 
and  though  they  are  directly  derived  from  epithelial  cells 
which  have  undergone  very  little  modification  from  the  condi- 
tion of  blastomeres,  are  incapable  of  full  development  unless 
they  are  subjected  to  the  influence  of  the  male  element,  which 
may,  as  Caspar  Wolff  suggested,  be  compared  to  a  kind  of 
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nutriment.  But  it  is  a  living  nutriment,  in  some  respects 
comparable  to  that  which  would  be  supplied  to  an  animal 
kept  alive  by  transfusion,  and  its  molecules  transfer  to  the^ 
impregnated  embryo  cell  all  the  special  characters  of  the  or- 
ganism to  which  it  belonged. 

The  tendency  of  the  germ  to  reproduce  the  characters  of 
its  immediate  parents,  combined,  in  the  case  of  sexual  genera- 
tion, with  the  tendency  to  reproduce  the  characters  of  the 
male,  is  the  source  of  the  singular  phenomena  of  hereditary 
transmission.  No  structural  modification  is  so  slight,  and  no 
functional  peculiarity  is  so  insignificant  in  either  parent,  that 
it  may  not  make  its  appearance  in  the  offspring.  But  the 
transmission  of  parental  peculiarities  depends  greatly  upon 
the  manner  in  which  they  have  been  acquired.  Such  as  have 
arisen  naturally,  and  have  been  hereditar}-  through  many  an- 
tecedent generations,  tend  to  appear  in  the  progeny  with 
great  force  ;  while  artificial  modifications — such,  for  example, 
as  result  from  mutilation — are  rarely,  if  ever,  transmitted. 
Circumcision  through  innumerable  ancestral  generations  does 
not  appear  to  have  reduced_that  rite  to  a  mere  formality,  as 
it  should  have  done  if  the  abbreviated  prepuce  had  become 
hereditary  in  the  descendants  of  Abraham  ;  while  modern 
lambs  are  born  with  long  tails,  notwithstanding  the  long-con- 
tinued practice  of  cutting  those  of  every  generation  short. 
And  it  remains  to  be  seen  whether  the  supposed  hereditary 
transmission  of  the  habit  of  retrieving  among  dogs  is  really 
what  it  seems  at  first  sight  to  be  ;  on  the  other  side,  Brown- 
S^uard's  case  of  the  transmission  of  artificially-induced  epi- 
lepsy in  Guinea-pigs  is  undoubtedly  very  weighty. 

Although  the  germ  always  tends  to  reproduce,  directly  or 
indirectlv,  the  organism  from  which  it  is  derived,  the  result 
of  its  development  differs  somewhat  from  the  parent.  Usually 
the  amount  of  variation  is  insignificant ;  but  it  may  be  con- 
siderable, as  in  the  so-called  "  sports  ; "  and  such  variations, 
whether  useful  or  useless,  may  be  transmitted  with  great  te- 
nacity to  the  oflispring  of  the  subjects  of  them. 

In  many  plants  and  animals  which  multiply  both  asexually 
and  sexually  there  is  no  definite  relation  between  the  aga- 
mogenetic  and  the  gamogenetic  phenomena.  The  organism 
may  multiply  asexually  before,  or  after,  or  concurrently  with, 
the  occurrence  of  sexual  generation. 

But  in  a  great  many  of  the  lower  organisms,  both  animal 
and  vegetable,  the  organism  (A)  which  results  from  the  im- 
pregnated germ  produces  offspring   only  agamogenetically. 
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It  thus  gives  rise  to  a  series  of  independent  organisms  (B, 
B,  B,  .  .  .),  which  are  more  or  less  different  from  A,  and 
which  sooner  or  later  acquire  generative  organs.  From  their 
impregnated  germs  A  is  reproduced.  The  process  thus  de- 
scribed is  what  has  been  termed  the  "  alternation  of  genera- 
tions "  under  its  simplest  form — for  example,  as  it  is  exhibited 
by  the  Salpoe.  In  more  complicated  cases  the  independent 
organisms  which  correspond  with  B  may  give  rise  agamo- 
genetically  to  others  (BJ,  and  these  to  others  (BJ,  and  so 
on  (e.  g.,  Aphis).  But,  however  long  the  series,  a  final  term 
appears  which  develops  sexual  organs,  and  reproduces  A. 
The  "  alternation  of  generations  "  is,  therefore,  in  strictness, 
an  alternation  of  asexual  with  sexual  generation,  in  which 
the  products  of  the  one  process  differ  from  those  of  the 
other. 

The  Mydrozoa  offer  a  complete  series  of  gradations  be- 
tween those  cases  in  which  the  term  B  is  represented  by  a 
free,  self-nourishing  organism  (e.  g.,  Cyanmd)^  through  those 
in  which  it  is  free  but  unable  to  feed  itself  ( Calycophoridm)^ 
to  those  in  which  the  sexual  elements  are  developed  in  bodies 
which  resemble  free  zo5ids,  but  are  never  detached,  and  are 
mere  generative  organs  of  the  body  on  which  they  are  devel- 
oped {Gordylophora), 

In  the  last  case  the  *'  individual  "  is  the  total  product  of 
the  development  of  the  impregnated  embryo,  all  the  parts  of 
which  remain  in  material  continuity  with  one  another.  The 
multiplication  of  mouths  and  stomachs  in  a  Cordylophora  no 
more  makes  it  an  aggregation  of  different  individuals  than 
the  multiplication  of  segments  and  legs  in  a  centipede  con- 
verts that  Arthropod  into  a  compound  animal.  The  Cordy- 
lophora is  a  differentiation  of  a  whole  into  many  parts,  and 
the  use  of  any  terminology  which  implies  that  it  results  from 
the  coalescence  of  many  parts  into  a  whole  is  to  be  depre- 
cated. 

In  Cordylophora  the  generative  organs  are  incapable  of 
maintaining  a  separate  existence  ;  but  in  nearly-allied  Hydro- 
zoa  the  unquestionable  homologues  of  these  organs  become 
free  zo5ids,  in  many  cases  capable  of  feeding  and  growing, 
and  developing  the  sexual  elements  only  after  they  have  un- 
dergone considerable  changes  of  form.  Morphologically,  the 
swarm  of  MedusoB  thus  set  free  from  a  HydrozoOn  are  as 
much  organs  of  the  latter  as  the  multitudinous  pinnules  of  a 
Comatula,  with  their  genital  glands,  are  organs  of  the  Echi- 
noderm.     Morphologically,  therefore,  the  equivalent  of  the 
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individual  Comatula  is  the  Hydrozoic  stock  plus  all  the  Me- 
duscB  which  proceed  from  it. 

No  doubt  it  sounds  paradoxical  to  speak  of  a  million  of 
Aphides^  for  example,  as  parts  of  one  morphological  individ- 
ual ;  but  beyond  the  momentary  shock  of  the  paradox  no 
harm  is  done.  On  the  other  hand,  if  the  asexual  Aphides 
are  held  to  be  individuals,  it  follows,  as  a  logical  consequence, 
not  only  that  all  the  polyps  on  a  Cordytophora  tree  are 
"  feeding  individuals,"  and  all  the  genital  sacs  "  generative 
individuals,"  while  the  stem  must  be  a  "  stump  individual," 
but  that  the  eyes  and  legs  of  a  lobster  are  "  ocular "  and 
"  locomotive  individuals."  And  this  conception  is  not  only 
somewhat  more  paradoxical  than  the  other,  but  suggests  a 
conception  of  the  origin  of  the  complexity  of  animal  struct- 
ure which  is  wholly  inconsistent  with  fact. 

IV.  Etiology. 

Morphology,  distribution,  and  physiology,  investigate  and 
determine  the  facts  of  biology.  ^Etiology  has  for  its  object 
the  ascertainment  of  the  causes  of  these  facts,  and  the  ex- 
planation of  biological  phenomena,  by  showing  that  they  con- 
stitute particular  cases  of  general  physical  laws.  It  is  hardly 
needful  to  say  that  aetiology,  as  thus  conceived,  is  in  its  in- 
fancy, and  that  the  seething  controversies,  to  which  the 
attempt  to  found  this  branch  of  science  made  in  the  "  Origin 
of  Species  "  has  given  rise,  cannot  be  dealt  with  in  this  place. 
At  most,  the  general  nature  of  the  problems  to  be  solved,  and 
the  course  of  inquiry  needful  for  their  solution,  may  be  indi- 
cated. 

In  any  investig^ation  into  the  causes  of  the  phenomena  of 
life,  the  first  question  which  arises  is.  Whether  we  have  any 
knowledge,  and  if  so,  what  knowledge,  of  the  origin  of  living 
matter  ? 

In  the  case  of  all  conspicuous  and  easily-studied  organ- 
isms, it  has  been  obvious,  since  the  study  of  Nature  began, 
that  living  beings  arise  by  generation  from  living  beings  of 
a  like  kind ;  but,  before  the  latter  part  of  the  seventeenth  cen- 
tury, learned  and  unlearned  alike  shared  the  conviction  that 
this  rule  was  not  of  universal  application,  and  that  multitudes 
of  the  smaller  and  more  obscure  organisms  were  produced  by 
the  fermentation  of  not-living,  and  especially  of  putrefying 
dead  matter,  by  what  was  then  termed  generatio  mquivoca 
or  spontanea^  and  is  now  called  ahiogeneais,    Redi  showed 
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that  the  general  belief  was  erroneous  in  a  multitude  of  in- 
stances ;  Spallanzani  added  largely  to  the  list ;  while  the  in- 
vestigations of  the  scientific  helminthologists  of  the  present 
century  have  eliminated  a  further  category  of  cases  in  which 
it  was  possible  to  doubt  the  applicability  of  the  rule  "  omne 
vivum  e  vivo  "  to  the  more  complex  organisms  which  consti- 
tute the  present  fauna  and  flora  of  the  earth.  Even  the  most 
extravagant  supporters  of  abiogenesis  at  the  present  day  do 
not  pretend  that  organisms  of  higher  rank  than  the  lowest 
Fungi  and  I^otozoa  are  produced  otherwise  than  by  genera- 
tion from  preexisting  organisms.  But  it  is  pretended  that 
Bacteria^  Toruke^  certain  Fungi,  and  "Monads,"  are  de- 
veloped under  conditions  which  render  it  impossible  that 
these  organisms  should  have  proceeded  directly  from  living 
matter. 

The  experimental  evidence  adduced  in  favor  of  this  prop- 
osition is  always  of  one  kind,  and  the  reasoning  on  which 
the  conclusion  that  abiogenesis  occurs  is  based  may  be  stated 
in  the  following  form  : 

All  living  matter  is  killed  by  being  heated  to  n  degrees. 

The  contents  of  a  vessel,  the  entry  of  germs  from  without 
into  which  is  prevented,  have  been  heated  to  n  degrees. 

Therefore,  all  living  matter  which  may  have  existed  there- 
in has  been  killed. 

But  living  Bacteria,  etc.,  have  appeared  in  these  contents 
subsequently  to  their  being  heated. 

Therefore,  they  have  been  formed  abiogenetically. 

No  objection  can  be  taken  to  the  logical  form  of  this  rea- 
soning, but  it  is  obvious  that  its  applicability  to  any  particu- 
lar case  depends  entirely  upon  the  validity,  in  that  case,  of 
the  first  and  second  propositions. 

Suppose  a  fluid  to  be  full  of  Bacteria  in  active  motion, 
what  evidence  have  we  that  they  are  killed  when  that  fluid 
is  heated  to  n  degrees  ?  There  is  but  one  kind  of  conclusive 
evidence,  namely,  that  from  that  time  forth  no  living  Bacteria 
make  their  appearance  in  the  liquid,  supposing  it  to  be  prop- 
erly protected  from  the  intrusion  of  fresh  Bacteria,  The 
only  other  evidence,  that,  for  example,  which  may  be  fur- 
nished by  the  cessation  of  the  motion  of  the  Bacteria,  and 
such  slight  changes  as  our  microscopes  permit  us  to  observe 
in  their  optical  characters,  is  simply  presumptive  evidence  of 
death,  and  no  more  conclusive  than  the  stillness  and  paleness 
of  a  man  in  a  swoon  are  proof  that  he  is  dead.  And  the 
caution  is  the  more  necessary  in  the  case  of  Bacteria,  since 
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many  of  them  naturally  pass  a  considerable  part  of  their  ex- 
istence in  a  condition  in  which  the}'  show  no  marks  of  life 
whatever  save  growth  and  multiplication. 

If  indeed  it  could  be  proved  that,  in  cases  which  are  not 
open  to  doubt,  living  matter  is  always  and  invariably  killed 
at  precisely  the  same  temperature,  there  might  be  some 
ground  for  the  assumption  that,  in  those  which  are  obscure, 
death  must  take  place  under  the  same  circumstances.  But 
what  are  the  facts  ?  It  has  already  been  pointed  out  that, 
leaving  bacteria  aside,  the  range  of  high  temperatures  be- 
tween the  lowest,  at  which  some  living  things  are  certainly 
killed,  and  the  highest,  at  which  others  certainly  live,  is  rather 
more  than  100°  Fahr.,  that  is  to  say,  between  104°  Fahr.  and 
208°  Fahr.  It  makes  no  sort  of  difference  to  the  argument 
how  living  beings  have  come  to  be  able  to  bear  such  a  tem- 
perature as  the  last  msntioned  ;  the  fact  that  they  do  so  is 
sufficient  to  prove  that,  under  certain  conditions,  such  a  tem- 
perature is  not  sufficient  to  destroy  life.* 

Thus  it  appears  that  there  is  no  ground  for  the  assumption 
that  all  living  matter  is  killed  at  some  given  temperature  be- 
tween 104°  and  208°  Fahr. 

No  experimental  evidence  that  a  liquid  may  be  heated  to 
n  degrees,  and  yet  subsequently  give  rise  to  living  organisms, 
is  of  the  smallest  value  as  proof  that  abiogenesis  has  taken 
place,  and  for  two  reasons  :  Firstly,  there  is  no  proof  that 
organisms  of  the  kind  in  question  are  dead,  except  their  per- 
manent incapacity  to  grow  and  reproduce  their  kind  ;  and, 
secondly,  since  we  know  that  conditions  may  largely  modify 
the  power  of  resistance  of  such  organisms  to  heat,  it  is  far 
more  probable  that  such  conditions  existed  in  the  experiment 
in  question,  than  that  the  organisms  were  generated  afresh 
out  of  dead  matter. 

Not  only  is  the  kind  of  evidence  adduced  in  favor  of 
abiogenesis  logically  insufficient  to  furnish  proof  of  its  occur- 
rence, but  it  may  be  stated,  as  a  well-based  induction,  that 
the  more  careful  the  investigator,  and  the  more  complete  his 
mastery  over  the  endless  practical  difficulties  which  surround 
experimentation  on  this  subject,  the  more  certain  are  his  ex- 
periments to  give  a  negative  result ;  while  positive  results 
are  no  less  sure  to  crown  the  efforts  of  the  clumsy  and  the 
careless. 

^  Messrs.  Dallinger  and  Drjsdale  have  recently  shown  ffood  grounds  for 
believing  that  the  germs  of  some  Monads  are  not  destroyed  oy  exposure  to  a 
temperature  of  2Wr  Fahr.  or  even  800*  Fahr. 
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It  is  argued  that  a  belief  in  abiogenesis  is  a  necessary 
corollary  from  the  doctrine  of  Evolution.  This  may  be  true 
of  the  occurrence  of  abiogenesis  at  some  time;  but  if  the 
present  day,  or  any  recorded  epoch  of  geological  time,  be  in 
question,  the  exact  contrary  holds  good.  If  all  living  beings 
have  been  evolved  from  preexisting  forms  of  life,  it  is  enough 
that  a  single  particle  of  living  protoplasm  should  once  have 
appeared  on  the  globe,  as  the  result  of  no  matter  what  agency. 
In  the  eyes  of  a  consistent  evolutionist,  any  further  indepen- 
dent formation  of  protoplasm  would  be  sheer  waste. 

The  production  of  living  matter  since  the  time  of  its  first 
appearance,  only  by  way  of  biogenesis,  implies  that  the  spe- 
cific forms  of  the  lower  kinds  of  life  have  undergone  but  little 
change  in  the  course  of  geological  time,  and  this  is  said  to  be 
inconsistent  with  the  doctrine  of  evolution.  But,  in  the  first 
place,  the  fact  is  not  inconsistent  with  the  doctrine  of  evolu- 
tion properly  understood,  that  doctrine  being  perfectly  con- 
sistent with  either  the  progression,  the  retrogression,  or  the 
stationary  condition,  of  any  particular  species  for  indefinite 
periods  of  time ;  and,  secondly,  if  it  were,  it  would  be  so  much 
the  worse  for  the  doctrine  of  evolution,  inasmuch  as  it  is  un- 
questionably true  that  certain,  even  highly -organized,  forms 
of  life  have  persisted  without  any  sensible  change  for  very 
long  periods.  The  Terehratula  psittacea  of  the  present  day, 
for  example,  is  not  distinguishable  from  that  of  the  Cretaceous 
epoch,  while  the  highly-organized  Teleostean  fish,  Beryx^  of 
the  Chalk,  dififered  only  in  minute  specific  characters  from 
that  which  now  lives.  Is  it  seriously  suggested  that  the  ex- 
isting lerehratulm  and  Beryces  are  not  the  lineal  descendants 
of  their  Cretaceous  ancestors,  but  that  their  modem  repre- 
sentatives have  been  independently  developed  from  primordial 
germs  in  the  interval  ?  But  if  this  is  too  fantastic  a  sugges- 
tion for  grave  consideration,  why  are  we  to  believe  that  the 
GlohigerincB  of  the  present  day  are  not  lineally  descended 
from  the  Cretaceous  forms  ?  And,  if  their  unchanged  genera- 
tions have  succeeded  one  another  for  all  the  enormous  time 
represented  by  the  deposition  of  the  Chalk  and  that  of  the 
Tertiary  and  Quaternary  deposits,  what  difficulty  is  there  in 
supposing  that  they  may  not  have  persisted  unchanged  for  a 
greatly  longer  period  ? 

The  fact  is,  that  at  the  present  moment  there  is  not  a 
shadow  of  trustworthy  direct  evidence  that  abiogenesis  does 
take  place,  or  has  taken  place,  within  the  period  during 
which  the  existence  of  life  on  the  globe  is  recorded.     But  it 
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need  hardly  be  pointed  out  that  the  fact  does  not  in  the 
slightest  degree  interfere  with  any  conclusion  that  may  be 
arrived  at,  deductively,  from  other  considerations  that,  at 
some  time  or  other,  abiogenesis  must  have  taken  place. 

If  the  hypothesis  of  evolution  is  true,  living  matter  must 
have  arisen  from  not-living  matter  ;  for,  by  the  hypothesis, 
the  condition  of  the  globe  was  at  one  time  such  that  living 
matter  could  not  have  existed  in  it,*  life  being  entirely  in- 
compatible with  the  gaseous  state.  But,  living  matter  once 
originated,  there  is  no  necessity  for  another  origination,  since 
the  hypothesis  postulates  the  unlimited,  though  perhaps  not 
indefinite,  moditiability  of  such  matter. 

Of  the  causes  which  have  led  to  the  origination  of  living 
matter,  then,  it  may  be  said  that  we  know  absolutely  nothing. 
But  postulating  the  existence  of  living  matter  endowed  with 
that  power  of  hereditary  transmission,  and  with  that  tendency 
to  vary  which  is  found  in  all  such  matter,  Mr.  Darwin  has 
shown  good  reasons  for  believing  that  the  interaction  between 
living  matter  and  surrounding  conditions,  which  results  in 
the  survival  of  the  fittest,  is  sufficient  to  account  for  the 
gradual  evolution  of  plants  and  animals  from  their  simplest 
to  their  most  complicated  forms,  and  for  the  known  phe- 
nomena of  Morphology,  Physiology,  and  Distribution. 

Mr.  Darwin  has  further  endeavored  to  give  a  physical 
explanation  of  hereditary  transmission  by  his  hypothesis 
of  Pangenesis ;  while  he  seeks  for  the  principal,  if  not  the 
only  cause  of  variation  in  the  influence  of  changing  condi- 
tions. 

It  is  on  this  point  that  the  chief  divergence  exists  among 
those  who  accept  the  doctrine  of  evolution  in  its  general 
outlines.  Three  views  may  be  taken  of  the  causes  of  varia- 
tion : 

a.  In  virtue  of  its  molecular  structure,  the  organism  may 
tend  to  vary.  This  variability  may  either  be  indefinite,  or 
may  be  limited  to  certain  directions  by  intrinsic  conditions. 
In  the  former  case,  the  result  of  the  struggle  for  existence 
would  be  the  survival  of  the  fittest  among  an  indefinite 
number  of  varieties ;  in  the  latter  case,  it  would  be  the 
survival  of  the  fittest  among  a  certain  set  of  varieties,  the 

» It  makes  no  diiference  if  we  adopt  Sir  W.  Thomson's  hypothesis,  and 
suppose  that  the  genns  of  living  things  have  been  transported  to  our  globe 
from  some  other,  seeing  that  there  is  as  much  reason  for  supposing  that  all 
stellar  and  planetary  components  of  the  universe  are  or  have  been  gaseous,  as 
that  the  earth  has  passed  through  this  stage. 
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nature  and  number  of  which  would  be  predetermined  by  the 
molecular  structure  of  the  organism. 

h.  The  organism  inay  have  no  intrinsic  tendency  to  vary, 
but  variation  may  be  brought  about  by  the  influence  of  con- 
ditions external  to  it.  And  in  this  case,  also,  the  variability 
induced  may  be  either  indefinite  or  defined  by  intrinsic  limi- 
tation. 

c.  The  two  former  cases  may  be  combined,  and  variation 
may  to  some  extent  depend  upon  intrinsic,  and  to  some  ex- 
tent upon  extrinsic,  conditions. 

At  present  it  can  hardly  be  said  that  such  evidence  as 
would  justify  the  positive  adoption  of  any  one  of  these  views 
exists. 

If  all  living  beings  have  come  into  existence  by  the  gradual 
modification,  through  a  long  series  of  generations,  of  a  pri- 
mordial living  matter,  the  phenomena  of  embryonic  develop- 
meut  ought  to  be  explicable  as  particular  cases  of  the  general 
law  of  hereditary  transmission.  On  this  view,  a  tadpole  is 
first  a  fish,  and  then  a  tailed  amphibian,  provided  with  both 
gills  and  lungs,  before  it  becomes  a  frog,  because  the  frog 
was  the  last  term  in  a  series  of  modifications  whereby  some 
ancient  fish  became  a  urodele  amphibian;  and  the  urodele 
amphibian  became  an  anurous  amphibian.  In  fact,  the  de- 
velopment of  the  embryo  is  a  recapitulation  of  the  ancestral 
history  of  the  species. 

If  this  be  so,  it  follows  that  the  development  of  any 
organism  should  furnish  the  key  to  its  ancestral  history ;  and 
the  attempt  to  decipher  the  full  pedigree  of  organisms  from 
so  much  of  the  family  history  as  is  recorded  in  their  develop- 
ment has  given  rise  to  a  special  branch  of  biological  specula- 
tion, terxaed  phylogeni/. 

In  practice,  however,  the  reconstruction  of  the  pedigree  of 
a  group  from  the  developmental  history  of  its  existing  mem- 
bers is  fraught  with  difficulties.  It  is  highly  probable  that 
the  series  of  developmental  stages  of  the  individual  organism 
never  presents  more  than  an  abbreviated  and  condensed  sum- 
mary of  ancestral  conditions;  while  this  summary  is  often 
strangely  modified  by  variation  and  adaptation  to  conditions ; 
and  it  must  be  confessed  that,  in  most  cases,  we  can  do  little 
better  than  guess  what  is  genuine  recapitulation  of  ancestral 
forms,  and  what  is  the  effect  of  comparatively  late  adapta- 
tion. 

The  only  perfectly  safe  foundation  for  the  doctrine  of  evolu- 
tion lies  in  the  historical,  or  rather  archaeological,  evidence 
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fchat  particular  organisms  have  arisen  by  the  gradual  modifi- 
oation  of  th^  predecessors,  which  is  furnished  by  fossil 
remains.  That  evidence  is  daily  increasing  in  amount  and  in 
weight;  and  it  is  to  be  hoped  that  the  comparison  of  the 
actual  pedigree  of  these  organisms  with  the  phenomena  of 
their  development  may  furnish  some  criterion  by  which  the 
validity  of  phylogenetic  conclusions,  deduced  from  the  facts 
of  embryology  alone,  may  be  satisfactorily  tested. 


CHAPTER  I. 

I. — THE  DISTINCnVE   CHABACTEBS    OP  ANIMALS. 

The  more  complicated  forms  of  the  living  things,  the 
general  characters  of  which  have  now  been  discussed,  appear 
to  be  readily  distinguishable  into  widely-separated  groups, 
animals,  and  plants.  The  .latter  have  no  power  of  locomo- 
tion, and  only  rarely  exhibit  any  distinct  movement  of  their 
parts  when  these  are  irritated,  mechanically  or  otherwise. 
They  are  devoid  of  any  digestive  cavity;  and  the  matters 
which  serve  as  their  nutriment  are  absorbed  in  the  gaseous 
and  fluid  state.  Ordinary  animals,  on  the  contrary,  not  only 
possess  conspicuous  locomotive  activity,  but  their  parts 
readily  alter  their  form  or  position  when  irritnted.  Their 
nutriment,  consisting  of  other  animals  or  of  plants,  is  taken 
in  the  solid  form  into  a  digestive  cavity. 

But  even  without  descending  to  the  very  lowest  forms  of 
animals  and  plants,  we  meet  with  facts  which  weaken  the 
force  of  these  apparently  broad  distinctions.  Among  animals, 
a  coral  or  an  oyster  is  as  incapable  of  locomotion  as  an  oak ; 
and  a  tape-worm  feeds  by  imbibition  and  not  by  the  ingestion 
of  solid  matter.  On  the  other  hand,  the  Sensitive-Plant  and 
the  Sundew  exhibit  movements  on  irritation,  and  the  recent 
observations  of  Mr.  Darwin  and  others  leave  little  doubt  that 
the  so-called  "  insectivorous  plants  "  really  digest  and  assimi- 
late the  nutritive  matters  contained  in  the  living  animals 
which  they  catch  and  destroy.  All  the  higher  animals  are 
dependent  for  the  protein  compounds  which  they  contain 
upon  other  animals  or  upon  plants.  They  are  unable  to  man- 
ufacture protein  out  of  simpler  substances;  and,  although 
positive  proof  is  wanting  that  this  incapacity  extends  to  all 
animals,  it  may  safely  be  assumed  to  exist  in  all  those  forms 
of  animal  life  which  take  in  solid  nutriment,  or  which  live 
parasitically  on  other  animals  or  plants,  in  situations  in  which 
they  are  provided  with  abundant  supplies  of  protein  in  a 
dissolved  state. 


THE  DISTINCTIVE  CHARACTERS  OF  ANIMALS.  45 

The  great  majority  of  the  higher  plants,  on  the  contrary, 
are  able  to  manufacture  protein  when  supplied  with  carbonic 
acid,  ammoniacal  salts,  water,  and  sundry  mineral  phosphates 
and  sulphates,  obtaining  the  carbon  which  they  require  by 
the  decomposition  of  the  carbonic  acid,  the  oxygen  of  which 
is  disengaged.  One  essential  factor  in  the  performance  of 
this  remarkable  chemical  process  is  the  chlorophyll  which 
these  plants  contain,  and  another  is  the  sun's  light. 

Certain  animals  {InfvAoria^  Coelenteratay  Turhdlaria) 
possess  chlorophyll,  but  there  is  no  evidence  to  show  what 
part  it  plays  in  their  economy.  Some  of  the  higher  plants 
when  parasitic,  and  a  great  group  of  the  lower  plants,  the 
Fungi  (which  may  be  parasitic  or  not),  are,  however,  devoid 
of  chlorophyll,  and  are  consequently  totally  unable  to  derive 
the  carbon  which  they  need  from  carbonic  acid.  Nevertheless 
they  are  sharply  distinguished  from  animals,  inasmuch  as  they 
are  still,  for  the  most  part,  manufacturers  of  protein.  Thus 
such  a  Fungus  as  PenicUliuYn  is  able  to  fabricate  all  the  con- 
stituents of  its  body  out  of  ammonium  tartrate,  sulphate,  and 
phosphate,  dissolved  in  water  {see  supra^  p.  14,  note) ;  and 
the  yeast-plant  flourishes  and  multiplies  with  exceeding  rapid- 
ity in  water  containing  sugar,  ammonium  tartrate,  potassium 
phosphate,  calcium  phosphate,  and  magnesium  sulphate. 

Nevertheless,  the  experiments  of  Mayer  have  shown  that 
when  peptones  are  substituted  for  the  ammonium  tartrate, 
..t|kfl^utriti9n  of  the  yeast-plant  is  favored  instead  of  being 
impeded  '  So  that  it  would  seem  that  the  yeast-plant  is  able 
to  take  in  protein  compounds  and  assimilate  them,  as  if  it 
were  an  animal  ;  and  there  can  be  no  reasonable  doubt  that 
many  parasitic  B^ungi,  such  as  the  JBotrytis  Basaiana  of  the 
silk- worm  caterpillar,  the  Empxisa  of  the  house-fly,  and,  very 
probably,  the  Peronospora  of  the  potato-plant,  directly  as- 
similate the  protein  substances  contained  in  the  bodies  of  the 
plants  and  animals  which  they  infest  ;  nor  is  it  clear  that 
these  Fungi  are  able  to  maintain  themselves  upon  less  fully 
elaborated  nutriment. 

Cellulose,  amyloid,  and  saccharine  compounds  were  former- 
ly supposed  to  be  characteristically  vegetable  products  ;  but 
cellulose  is  found  in  the  tests  of  Ascidians ;  and  amyloid  and 
saccharine  matters  are  of  very  wide,  if  not  universal,  occur- 
rence in  animals. 

And  on  taking  a  comprehensive  survey  of  the  whole  ani- 
mal and  vegetable  worlds,  the  test  of  locomotion  breaks  down 
as  completely  as  does  that  of  nutrition.     For  it  is  the  rule 
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rather  than  the  exception  among  the  lowest  plants,  that  at 
one  stage  or  other  of  their  existence  they  should  be  actively 
locomotive,  their  motor  organs  being  usually  ciliay  altogether 
similar  in  character  and  function  to  the  motor  organs  of  the 
lowest  animals.  Moreover,  the  protoplasmic  substance  of  the 
body  in  many  of  these  plants  exhibits  rhythmically  pulsating 
spaces  or  contractile  vacuoles  of  the  same  nature  as  those 
characteristic  of  so  many  animals. 

No  better  illustration  of  the  impossibility  of  drawing  any 
sharply-defined  distinction  between  animals  and  plants  can  be 
found  than  that  which  is  supplied  by  the  history  of  what  are 
commonly  termed  ^'Monads." 

The  name  of  "  Monad "  *  has  been  commonly  applied  to 
minute  free  or  fixed,  rounded  or  oval  bodies,  provided  with 
one  or  more  long  cilia  {flageUa)^  and  usually  provided  with 
a  nucleus  and  a  contractile  vacuole.  Of  such  bodies,  all  of 
which  would  properly  come  under  the  old  group  of  Monadi- 
dcBy  the  history  of  a  few  has  been  completely  worked  out ; 
and  the  result  is  that,  while  some  (e.  g.,  Cfdamydomonas^ 
zoospores  of  Peronospora  and  Coleochcete)  are  locomotive 
conditions  of  indubitable  plants,  others  {HadiolaHa^  Nocti- 
luca)  are  embryonic  conditions  of  as  indubitable  animals. 
Yet  others  (zoospores  of  M'i/xomycetes)  are  embryonic  forms 
of  organisms  which  appear  to  be  as  much  animals  as  plants  ; 
inasmuch  as  in  one  condition  they  take  in  solid  nutriment, 
and  in  another  have  the  special  morphological,  if  not  physio- 
logical peculiarities  of  plants ;  while,  lastly,  in  the  case  of 
such  monads  as  those  recently  so  carefully  studied  by  Messrs. 
Dallinger  and  Drysdale,  the  morphological  characters  of  which 
are  on  the  whole  animal,  while  their  mode  of  nutrition  is  un- 
known, it  is  impossible  to  say  whether  they  should  be  regarded 
as  animals  or  as  plants. 

Thus,  traced  down  to  their  lowest  terms,  the  series  of 
plant  forms  gradually  lose  more  and  more  of  their  distinctive 
vegetable  features,  while  the  series  of  animal  forms  part  with 
more  and  more  of  their  distinctive  animal  characters,  and  the 
two  series  converge  to  a  common  term.  The  most  character- 
istic morphological  peculiarity  of  the  plant  is  the  investment 
of  each  of  its  component  cells  by  a  sac,  the  walls  of  which 
contain  cellulose,  or  some  closely  analogous  compound  ;  and 

-  0.  F.  Miller,  "  Historia  Vermium,"  1773.    "  Vennis  inoonapicuus,  sim- 
plioissimus,  pellucidus,  pnnctiformis." 
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the  most  characteristic  physiological  peculiarity  of  the  plant 
is  its  power  of  manufacturing  protein  from  chemical  com- 
pounds of  a  less  complex  nature. 

The  most  characteristic  morphological  peculiarity  of  the 
animal  is  the  absence  of  any  such  cellulose  investment.*  The 
most  characteristic  physiological  peculiarity  of  the  animal  is 
its  want  of  power  to  manufacture  protein  out  of  simpler 
compounds. 

The  great  majority  of  living  things  are  at  once  referable 
to  one  of  the  two  categories  thus  defined  ;  but  there  are  some 
in  which  the  presence  of  one  or  other  characteristic  mark 
cannot  be  ascertained,  and  others  which  appear  at  different 
periods  of  their  existence  to  belong  to  different  categories. 

n. — THE   MORPHOLOGICAL    DIFFEBBNTIATION   OF  Al^IMALS. 

The  simplest  form  of  animal  life  imaginable  would  be  a 
protoplasmic  body,  devoid  of  motility,  maintaining  itself  by 
the  ingestion  of  such  proteinaceous,  fatty,  amyloid,  and  min- 
eral matters  as  might  be  brought  into  contact  with  it  by  ex- 
ternal agencies ;  and  increasing  by  simple  extension  of  its 
mass.  But  no  animal  of  this  degree  of  simplicity  is  known 
to  exist.  The  very  humblest  animals  with  which  we  are  ac- 
quainted exhibit  contractility,  and  not  only  increase  in  size, 
but,  as  they  grow,  divide,  and  thus  undergo  multiplication. 
In  the  simplest  known  animals — the  JProtozoa — the  proto- 
plasmic substance  of  the  body  does  not  become  differentiated 
into  discrete  nucleated  masses  or  cells,  which  by  their  meta- 
morphosis give  rise  to  the  different  tissues  of  which  the  adult 
body  is  composed.  And,  in  the  lowest  of  the  Protozoa^  the 
body  has  neither  a  constant  form  nor  any  further  distinction 
of  parts  than  a  greater  density  of  the  peripheral,  as  com- 
pared with  the  central,  part  of  the  protoplasm.  The  first 
steps  in  complication  are  the  appearance  of  one  or  more 
rhythmically  contractile  vacuoles,  such  as  are  found  in  some 
of  the  lower  plants  ;  and  the  segregation  of  part  of  the  in- 

>  No  analysis  of  the  substance  composing  the  cysts  in  which  so  many  of  the 
Protoeoa  inclose  themselves  temporarily  has  yet  been  made.  But  it  is  not  im- 
probable that  it  may  be  analogous  to  chitin  ;  and,  if  so,  it  is  worthy  of  remark 
that,  though  chitin  is  a  nitrogenous  body,  it  readily  yields  a  substance  appar- 
ently identical  with  cellulose  when  heated  with  the  double  hyposulphite  of 
copper  and  ammonia.  It  is  possible,  therefore,  that  the  difference  between 
the  chitinous  investment  of  an  animal  and  the  cellulose  investment  of  a  plant 
may  depend  upon  the  proportion  of  nitrogenous  matter  which  is  present  in 
each  caae  in  addition  to  the  chitin. 
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terior  protoplasm  as  a  rounded  mass,  the  "endoplast"  or 
"  nucleus."  Other  Protozoa  advance  further  and  acquire 
permanent  locomotive  organs.  These  may  be  developed 
only  on  one  part  of  the  surface  of  the  body,  which  may  be 
modified  into  a  special  organ  for  their  support.  In  some,  a 
pedicle  of  attachment  is  formed,  and  the  body  may  acquire  a 
dense  envelope  {Infusoria),  or  secrete  an  internal  skeleton  of 
calcareous  or  silicious  matter  {Foraminifera,  Hadiolaria),  or 
fabricate  such  a  skeleton  by  gluing  together  extraneous  par- 
ticles {Foraminifera). 

A  mouth  and  gullet,  with  an  anal  aperture,  may  be  formed, 
and  the  permeable  soft  central  portion  of  the  protoplasm  may 
be  so  limited  as  to  give  rise  to  a  virtual  alimentary  tract  be- 
tween these  two  apertures.  The  contractile  vacuole  may  be 
developed  into  a  complicated  system  of  canals  {Paramoeci- 
um)y  and  the  endoplast  may  take  on  more  and  more  definite- 
ly the  characters  of  a  reproductive  organ,  that  is,  may  be  the 
focus  of  origin  of  germs  capable  of  reproducing  the  individ- 
ual (  Vbrticella),  In  fact,  rudiments  of  all  the  chief  system 
of  organs  of  the  higher  animals,  with  the  exception,  more  or 
less  doubtful,  of  the  nervous,  are  thus  sketched  out  in  the 
Protozoa,  just  as  the  organs  of  the  higher  plants  are  sketched 
out  in  Caulerpa. 

In  the  Metazoa,  which  constitute  the  rest  of  the  animal 
kingdom,  the  animal,  in  its  earliest  condition,  is  a  protoplas- 
mic mass  with  a  nucleus — is,  in  short,  a  Protozoon.  But  it 
never  acquires  the  morphological  complexity  of  its  adult  state 
by  the  direct  metamorphosis  of  the  protoplasmic  matter  of 
this  nucleated  body — the  ovum — into  the  different  tissues. 
On  the  contrary,  the  first  step  in  the  development  of  all  the 
Metazoa  is  the  conversion  of  the  single  nucleated  body  into 
an  aggregation  of  such  bodies  of  smaller  size — the  Morula — 
by  a  process  of  division,  which  usually  takes  place  with  great 
regularity,  the  ovum  dividing  first  into  two  segments,  which 
then  subdivide,  giving  rise  to  four,  eight,  sixteen,  etc., 
portions,  which  are  the  so-called  division  masses  or  blasto- 
meres, 

A  similar  process  takes  place  in  sundry  Protozoa  and  gives 
rise  to  a  protozoic  aggregate,  which  is  strictly  comparable  to 
the  Morula.  But  the  members  of  the  protozoic  aggregate 
become  separate,  or  at  any  rate  independent  existences. 
What  distinguishes  the  metazoic  aggregate  is  that,  though  its 
component  blastomeres  also  retain  a  certain  degree  of  physi- 
ological independence,  they  remain  united  into  one  morpho- 
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logical  whole,  and  their  several  metamorphoses  are  so  ordered 
and  related  to  one  another  that  they  constitute  members  of  a 
mutually  dependent  commonalty. 

The  Metazoa  are  the  only  animals  which  fall  under  com- 
mon observation,  and  have  therefore  been  known  from  the 
earliest  times.  All  the  higher  languages  possess  general 
names  equivalent  to  our  beast,  bird,  reptile,  fish,  insect,  and 
worm ;  and  this  shows  the  very  early  perception  of  the  fact 
that,  notwithstanding  the  wonderful  diversity  of  animal  forms, 
they  are  modeled  upon  comparatively  few  great  types. 

In  the  middle  of  the  last  century  the  founder  of  modem 
Taxonomy,  Linnaeus,  distinguished  animals  into  Mammalia^ 
AveSy  Amphibia^  IHsces^  Iiisecta^  and  Vermes^  that  is  to  say, 
he  converted  common-sense  into  science  by  defining  and  giv- 
ing precision  to  the  rough  distinctions  arrived  at  by  ordinary 
observation. 

At  the  end  of  the  century,  Lamarck  made  a  most  impor* 
tant  advance  in  general  morphology,  by  pointing  out  that 
mammals,  birds,  reptiles,  and  fishes,  are  formed  upon  one  type 
or  common  plariy  the  essential  character  of  which  is  the  pos- 
session of  a  spinal  column,  interposed  between  a  cerebro-spi- 
nal  and  a  visceral  cavit}' ;  and  that  in  no  other  animals  is  the 
same  plan  of  construction  to  be  discerned.  Hence  he  drew  a 
broad  distinction  between  the  former  and  the  latter,  as  the 
Vertebrata  and  the  Inveetebrata.  But  the  advance  of 
knowledge  respecting  the  structure  of  invertebrated  animals, 
due  chiefly  to  Swammerdam,  Trembley,  Reaumur,  Peyssonel, 
Groeze,  Roesel,  Ellis,  Fabricius,  O.  F.  MulLr,  Lyonet,  Pallas, 
and  Cuvier,  speedily  proved  that  the  Invertebrata  are  not 
framed  upon  one  fundamental  plan,  but  upon  several ;  and, 
in  1795,  Cuvier  *  showed  that,  at  fewest,  three  morphological 
types,  as  distinct  from  one  another  as  they  are  from  that  of 
the  vertebrated  animals,  are  distinguishable  among  the  Tn- 
vertebrata.  These  he  named — L  MoUusques  ;  IL  Insectes  et 
Vers  ;  ITL  Zoophytes.  In  the  "  R^gne  animal "  (1816),  those 
terms  are  Latinized,  Animalia  MolluBca^  Artictdata,  and  Ha- 
diata.  Thus,  says  Cuvier  :  "  It  will  be  found  that  there  ex- 
ist four  principal  forms,  four  general  plans,  if  it  may  thus  be 
expressed,  on  which  all  animals  appear  to  have  been  modeled  ; 
and  the  ulterior  divisions  of  which,  under  whatever  title  natu- 
ralists may  have  designated  them,  are  merely  slight  modifica- 
tions, founded  on  the  development  or  addition  of  certain  parts. 

^  Tableau  ^Umentaire  de  THistoire  des  Animaux.    An  vi. 

3 


50  THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

These  four  common  plans  are  those  of  the  Vertebratay  the  Mol^ 
lusca^  the  Articulata^  and  the  Hadiata.^'^ 

For  extent,  variety,  and  exactness  of  knowledge,  Cuvier 
was,  beyond  all  comparison,  the  greatest  anatomist  who  has 
ever  lived ;  but  the  absence  of  two  conditions  rendered  if 
impossible  that  his  survey  of  the  animal  kingdom  should  be 
exhaustive,  grand  and  comprehensive  as  it  was. 

Up  to  the  time  of  Cuvier's  death  in  1832,  microscopic  in- 
vestigation was  in  its  infancy,  and  hence  the  great  majority 
of  the  lowest  forms  were  either  unknown  or  little  understood ; 
and  it  was  only  in  the  third  decade  of  the  present  century 
that  Rathke,  DoUinger,  and  Von  Baer,  commenced  that  won- 
derful series  of  exact  researches  into  embryology  which  Von 
Baer  organized  into  a  special  branch  of  morphology,  develop- 
ing all  its  most  important  consequences  and  raising  it  to  its 
proper  position,  as  the  criterion  of  morphological  theories. 

Upon  erabryological  grounds  Von  Baer  arrived  at  the 
same  conclusion  as  Cuvier,  that  there  are  four  ccmmon  plans 
of  animal  structure. 

In  the  course  of  the  last  half-century  the  activity  of  anat- 
omists and  embryologists  has  been  prodigious,  and  it  may 
be  reasonably  doubted  whether  any  form  of  animal  life  re- 
mains to  be  discovered  which  will  not  be  found  to  accord 
with  one  or  other  of  the  common  plans  now  known.  But  at 
the  same  time  this  increase  of  knowledge  has  abolished  the 
broad  lines  of  demarkation  which  formerly  appeared  to  sepa- 
rate one  common  plan  from  another. 

Even  the  hiatus  between  the  Vertebrata  and  the  Inver- 
tebrata  is  partly,  if  not  wholly,  bridged  over;  and  though 
among  the  Invertebrata  there  is  no  difficulty  in  distinguish- 
ing the  more  completely  differentiated  representatives  of 
such  types  or  common  plans  as  those  of  the  Arthropoda^  the 
Annelida^  the  Mollusca^  the  Tunicata^  the  Echinodermatay 
the  Codenterata^  and  the  Porifera^  yet  ever}-  year  brings 
forth  fresh  evidence  to  the  effect  that,  just  as  the  plan  of  the 
plant  is  not  absolutely  distinct  from  that  of  the  animal,  so 
that  of  the  Vertebrate  has  its  points  of  community  with  that 
of  certain  of  the  Invertebrates ;  that  the  Arthropod,  the  Mol- 
lusk,  and  the  Echinoderm  plans  are  united  by  that  of  the 
lower  worms ;  and  that  the  plan  of  the  latter  is  separated  by 
no  very  great  differences  from  that  of  the  Coelenterate  and 
that  of  the  Sponge. 

Whatever  speculative  views  may  be  held  or  rejected  as  to 
the  origin  of  the  diversities  of  animal  form,  the  facts  of  anat- 
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omy  and  development  compel  the  morphologist  to  regard 
the  whole  of  the  Metazoa  as  modifications  of  one  actual  or 
ideal  primitive  type,  which  is  a  sac  with  a  double  cellular 
wall,  inclosing  a  central  cavity  and  open  at  one  end.  This  is 
what  Haeckel  terms  a  Gastroea.  The  inner  wall  of  the  sac  is 
the  hypoblast  (endoderm  of  the  adult),  the  outer  the  epiblast 
(ectoderm).  Between  the  two,  in  all  but  the  very  lowest 
Metazoa,  a  third  layer,  the  mesoblast  {mesoderm  of  the  adult), 
makes  its  appearance. 

In  the  Porifera,  the  terminal  aperture  of  the  gastrsea 
becomes  the  egestive  openiag  of  the  adult  animal,  and  the 
ingestive  apertures  are  numerous  secondary  pore-like  aper- 
tures formed  by  the  separation  of  adjacent  cells  of  the  ec- 
toderm and  endoderm.  The  boJy  may  become  variously 
branched,  a  fibrous  or  spicular  endoskeleton  is  usually  de- 
veloped in  the  ectoderm,  and  no  perivisceral  cavity  is  de- 
veloped. There  are  no  appendages  for  locomotion  or  pre- 
hension ;  no  nervous  system  nor  sensory  organs  are  known  to 
exist;  nor  are  there  any  circulatory,  respiratory,  renal,  or 
generative  organs. 

In  the  Coelenterata^  the  terminal  aperture  of  the  gastrsea 
becomes  the  mouth,  and,  if  pores  perforate  the  body- walls, 
they  do  not  subserve  the  ingestion  of  food.  There  is  no  sep- 
arate perivisceral  cavity,  bur,  in  many,  an  enterocoele  or  sys- 
tem of  cavities,  continuous  with,  but  more  or  less  separate 
from,  the  digv^stive  cavity,  extends  through  the  body.  Pre- 
hensile appendages,  t3ntaeula^  are  developed  in  great  variety. 
A  chitinous  exoskeleton  appears  in  some,  a  calcareous  or  chit- 
inous  endoskeleton  in  others.  There  are  no  circulatory,  re- 
spiratory, or  renal  organs  (though  it  is  possible  that  certain 
cells  in  the  Porpitce,  e.  g.,  may  have  a  uropoietic  function); 
but  special  genital  organs  make  their  appearance,  as  do  a 
definitely-arranged  nervous  system  and  organs  of  sense. 

The  lowest  Tarbellaria  are  on  nearly  the  same  grade  of 
organization  as  the  lower  Coelenterata^  but  the  thick  meso- 
derm is  traversed  bv  canals  which  constitute  a  water-vascular 
system.  In  the  adult  state  these  canals  open,  on  the  one  side, 
into  the  interstices  of  the  mesodermal  tissues,  and,  on  the 
other,  communicate  with  the  exterior.  Their  analogy  to  the 
contractile  vacuoles  of  the  Infusoria  on  the  one  hand,  and  to 
the  segmental  organs  of  the  Annelids  on  the  other,  lead  me 
to  think  that  they  are  formed  by  a  splitting  of  the  mesoblast, 
and  that  they  thus  represent  that  form  of  perivisceral  cavity 
which  I  have  termed  a  schizocoele,     A  nervous  system,  con- 
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sisting  of  a  single  or  double  gaDgliou  with  two  principal  lon- 
gitudinal nerve-cords,  is  found  in  many  ;  and  there  may  be 
eyes  and  auditory  sacs. 

Upon  this  foundation  a  gradual  complication  of  form  is 
based,  brought  about  by — 

1.  The  elongation  of  the  bilaterally  symmetrical  body  and 
the  formation  of  a  chitinous  exoskeleton. 

2.  The  development  of  a  secondary  aperture  near  the  an- 
terior end  of  the  body,  which  becomes  the  permanent  mouth. 

3.  The  division  of  the  mesoblast  into  successive  segments 
(somites). 

4.  The  development  of  two  nervous  ganglia  in  each  somite. 

5.  The  outgrowth  of  a  pair  of  appendages  from  each  so- 
mite, and  their  segmentation. 

6.  The  gradual  specialization  of  the  somites  into  cephalic, 
thoracic  and  abdominal  groups  ;  and  that  of  their  appendages 
into  sense  organs,  jaws,  locomotive  limbs,  and  respiratory  or- 
gans. 

7.  The  conversion  of  the  schizocoele  into  a  spacious  peri- 
visceral cavity  containing  blood ;  the  reduction  of  the  water- 
vascular  system,  and  the  appearance  of  pseudo-haemal  vessels  ; 
and  the  replacement  of  these,  in  the  higher  forms,  by  a  heart, 
arteries,  and  veins,  which  contain  blood. 

8.  The  conversion  of  the  simple  inner  sac  of  the  gastraea 
into  a  highly-complex  alimentary  canal,  with  special  glandu- 
lar appendages,  representing  the  liver  and  the  kidneys. 

9.  A  similar  differentiation  of  the  genital  apparatus. 

10.  A  gradual  complication  of  the  eye,  which,  in  its  most 
perfect  form,  presents  a  series  of  crystal-clear  conical  rods, 
disposed  perpendicularly  to  the  transparent  corneal  region 
of  the  chitinous  exoskeleton,  and  connected  by  their  inner 
ends  with  the  optic  nerves  of  the  prae-oesophageal  ganglia. 

By  such  modifications  as  these  the  plan  of  the  simple 
Turbellarian  gradually  passes  into  that  of  the  highest  Ar- 
thropod. 

Starting  from  the  same  point,  if  the  mesoblast  does  not 
become  distinctly  segmented  •  if  few,  probably  not  more 
than  three,  pairs  of  ganglia  are  formed  ;  if  there  are  no  seg- 
mented appendages,  but  the  chief  locomotive  organ  is  a  mus- 
cular foot  developed  in  the  neural  aspect  of  the  body ;  if,  in 
the  place  of  the  chitinous  exoskeleton,  a  shell  is  secreted  by 
a  specially  modified  part  of  the  hasmal  wall  termed  the  man- 
tle ;  if  the  schizocoele  is  converted  into  a  blood-cavity,  which 
communicates  with  the  exterior  by  an  organ  of  Bojanus,  which 
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appears  to  represent  the  water-vascular  system  and  the  seg- 
mental organs  ;  and  if,  along  with  these  changes,  the  aliment- 
ary, circulatory,  respiratory,  genital,  and  sensory  organs  take 
on  special  characters,  we  arrive  at  the  complete  Molluscan 
plan. 

From  the  Turbellarian  to  the  Tunicate,  or  Ascidian,  the 
passage  is  indicated,  if  not  effected,  by  Salanoglossus^  which, 
m  its  larval  state,  is  comparable  to  an  Appendicularia  with- 
out its  caudal  appendage.  On  the  other  hand,  the  large 
pharynx  of  the  Tunicata  and  the  circle  of  tentacula  around 
the  oral  aperture,  with  the  single  ganglion,  approximate  them 
to  the  Polyzoa.  In  the  perforation  of  the  pharynx  by  lateral 
apertures,  which  communicate  with  the  exterior,  either  di- 
rectly or  by  the  intermediation  of  an  atrial  cavity,  the  l^uni- 
cata  resemble  only  Balanoglossus  and  the  Vertebrata,  The 
axial  skeleton  of  the  caudal  appendage  has  no  parallel  except 
in  the  vertebrate  notochord.     In  the  structure  of  the  heart 

• 

and  the  regular  reversal  of  the  direction  of  its  contractions, 
the  Tunicata  stand  alone.  The  general  presence  of  a  test 
solidified  by  cellulose  is  a  marked  peculiaritj',  but  in  esti- 
mating its  apparent  singularity  the  existence  of  cellulose  as 
a  constituent  of  chitin  must  be  remembered.  Finally,  the 
tadpole-like  larvae  of  many  Ascidian s  are  comparable  only  to 
the  CercaricB  of  Trematodes,  on  the  one  hand,  and  to  ver- 
tebrate larval  forms  on  the  other. 

Yet  another  apparently  very  distinct  type  is  met  with  in 
the  extensive  group  of  the  Echinodermata. 

In  all  the  other  Metazoa,  except  the  Porifera  and  Coden- 
tercttaj  the  plan  of  the  body  is,  obviously,  bilaterally  sym- 
metrical, the  halves  of  the  body  on  each  side  of  a  median  ver- 
tical plane  being  similar.  Any  disturbance  of  this  symmetry, 
such  as  is  found  in  some  Arthropoda  and  in  many  Mollu%ca^ 
arises  from  the  predominant  development  of  one  half.  But, 
in  a  Sea-urchin  or  Starfish,  five  or  more  similar  sets  of  parts 
are  disposed  around  a  longitudinal  axis,  which  has  the  mouth 
at  one  end  and  the  anus  at  the  other  ;  there  is  a  radial  sym- 
metry, as  in  a  sea-anemone  or  a  Ctenophoran.  Nevertheless, 
close  observation  shows  that,  as  is  also  the  case  in  the  Actinia 
or  Ctenophoran,  this  radial  symmetry  is  never  perfect,  and 
that  the  body  is  really  bilaterally  symmetrical  in  relation  to 
a  median  plane  which  traverses  the  centre  of  length  of  one 
of  the  radiating  metameres. 

Another  marked  peculiarity  of  the  Echinoderm  type  is 
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the  general,  if  not  universal,  presence  of  a  system  of  "  am- 
bulacral  vessels"  consisting  of  a  circular  canal  around  the 
mouth,  whence  canals  usually  arise  and  follow  the  middle  line 
of  each  of  the  ambulacral  metameres.  And,  in  the  typical 
Echinoderm,  these  canals  give  off  prolongations  which  enter 
certain  diverticula  of  the  body-wall,  the  pedicels  or  suckers. 

All  Echinoderms  have  a  calcareous  endoskeleton. 

In  the  chapter  allotted  to  these  animals,  it  will  be  shown 
that  they  are  modifications  of  the  Turbellarian  type,  brought 
about  by  a  singular  series  of  changes  undergone  by  the  endo- 
derm  and  mesoderm  of  the  larva  or  EchinopoBdium. 


III. — THE  PHYSIOLOGICAL  DIFFBBENTIATION  OP  ANIMALS,  AND 
THE  MOEPHOLOGICAL  DIFFEBBNTIATION  OF  THBIB  0BGAN8. 

Regarded  as  machines  for  doing  certain  kinds  of  work, 
animals  differ  from  one  another  in  the  extent  to  which  this 
work  is  subdivided.  Each  subordinate  group  of  actions  or 
functions  is  allotted  to  a  particular  portion  of  the  body,  which 
thus  becomes  the  organ  of  those  functions  ;  and  the  extent 
to  which  this  division  of  physiological  labor  is  carried  differs 
in  degree  within  the  limits  of  each  common  plan,  and  is  the 
chief  cause  of  the  diversity  in  the  working  out  of  the  common 
plan  of  a  group  exhibited  by  its  members.  Moreover,  there 
are  certain  types  which  never  attain  the  same  degree  of  physi- 
ological differentiation  as  others  do. 

Thus,  some  of  the  Protozoa  attain  a  grade  of  physiological 
complexity  as  high  as  that  which  is  reached  by  the  lower  Me- 
tazoa.  And,  notwithstanding  the  multiplicity  of  its  parts,  no 
Echinoderm  is  so  highly  differentiated  a  physiological  ma- 
chine as  is  a  snail. 

A  mill  with  ten  pairs  of  millstones  need  not  be  a  more 
complicated  machine  than  a  mill  with  one  pair ;  but  if  a  mill 
have  two  pairs  of  millstones,  one  for  coarse  and  one  for  fine 
grinding,  so  arranged  that  the  substance  ground  passes  from 
one  to  the  other,  then  it  is  a  more  complicated  machine — a 
machine  of  higher  order — ^than  that  with  ten  pairs  of  similar 
grindstones.  In  other  words,  it  is  not  mere  multiplication  of 
organs  which  constitutes  physiological  differentiation  ;  but 
the  multiplication  of  organs  for  different  functions  in  the  first 
place,  and  the  degree  in  which  they  are  coordinated,  so  as  to 
work  to  a  common  end,  in  the  second  place.  Thus,  a  lobster 
is  a  higher  animal,  from  a  physiological  point  of  view,  than  a 
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Cydops^  not  because  it  has  more  distinguishable  organs,  but 
because  these  organs  are  so  modified  as  to  perform  a  much 
greater  variety  of  functions,  while  they  are  all  coordinated 
toward  the  maintenance  of  the  animal,  by  its  well -developed 
nervous  system  and  sense-organs.  But  it  is  impossible  to  say 
that,  e.  g.,  the  Arthropoda^  as  a  whole,  are  physiologically 
higher  than  the  MoUusca^  inasmuch  as  the  simplest  embodi- 
ments of  the  common  plan  of  the  Arthropoda  are  less  differ- 
entiated physiologically  than  the  great  majority  of  MoUusks. 
I  may  now  rapidly  indicate  the  mode  in  which  physiologi- 
cal differentiation  is  effected  in  the  different  groups  of  organs 
of  the  body  among  the  Metazoa. 

Integumentary  Organs, — In  the  lowest  Jfetazoa,  the  integ- 
ument and  the  ectoderm  are  identical,  but,  so  soon  as  a  mes- 
oderm is  developed,  the  layer  of  the  mesoderm  which  is  in 
contact  with  the  octoderm  becomes  virtually  part  of  the  in- 
tegument, and  in  all  the  higher  animals  is  distinguished  as 
the  dermis  (enderon)^  while  the  ectodermal  cells  constitute 
the  epidermis  (ecderon).  The  connective  tissue  and  muscles 
of  the  integument  are  exclusively  developed  in  the  enderon ; 
while,  from  the  epidermis,  all  cuticular  and  cellular  exoskele- 
tal  parts,  and  all  the  integumentary  glands,  are  developed. 
The  latter  are  always  involutions  of  the  epidermis.  The  hard 
protective  skeletons  in  all  invertebrate  Metazoa^  except  the 
Porifera^  the  Actinozoa^  the  Echinodermata^  and  the  Tuni- 
catay  are  cuticular  structures,  which  may  be  variously  impreg- 
nated with  calcareous  salts  formed  on  the  outer  surface  of  the 
epidermic  cells. 

In  the  JPorifera,  the  calcareous  or  silicious  deposit  takes 
place  within  the  ectoderm  itself,  and  probably  the  same  pro- 
cess occurs,  to  a  greater  or  less  extent,  in  the  Actinozoa.  In 
those  Tunicata  which  possess  a  test,  it  appears  to  be  a  struct- 
ure sui  generis^  consisting  of  a  gelatinous  basis  excreted  by 
the  ectoderm,  in  which  cells  detached  from  the  ectoderm 
divide,  multiply,  and  give  rise  to  a  deposit  of  cellulose.  The 
test  may  take  on  the  structure  of  cartilage  or  even  of  connec- 
tive tissue.  In  the  Vertehrata  alone  do  we  find  hard  exo- 
skeletal  parts  formed  by  the  cornification  and  cohesion  of  epi- 
dermic cells. 

In  the  Actinozoa  and  the  EcMnodermata^  the  hard  skele- 
ton is,  in  the  main,  though  perhaps  not  wholly,  the  result  of 
calcification  of  elements  of  the  mesoderm.  In  some  Mollusks 
portions  of  the  mesoderm  are  converted  into  true  cartilage, 
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while  the  enderon  of  the  integument  often  becomes  the  seat 
of  calcareous  deposit.  The  endoskeleton  and  the  dermal  exo- 
skeleton  of  the  Vertebrata  are  cellular  (cartilage,  notochord) 
or  fibrous  (connective  tissue)  modifications  of  the  mesoderm, 
which  may  become  calcified  (bone,  dentine).  Recent  investi- 
gations tend  to  show  that  the  enamel  of  the  teeth  is  derived 
from  the  ectoderm. 

The  Alimentary  Apparatus, — From  the  simple  sac  of  the 
Hydra  or  aproctous  Turbdlarian^  we  pass  to  the  tubular  ali- 
mentary tract  of  the  proctuchous  Turbellaria.  In  the  JRoti- 
fera  and  Polyzoa  there  is  a  marked  distinction  into  buccal 
cavity,  pharynx,  oesophagus,  stomach,  and  intestines  ;  while 
distinct  salivary,  hepatic,  and  renal  glands,  are  found  in  the 
majority  of  the  higher  invertebrates,  and,  not  unfrequently, 
glands  secreting  an  odorous  or  colored  fluid  appear  in  the 
region  of  the  termination  of  the  alimentary  canal. 

The  oral  and  gastric  regions  are  armed  with  cuticular 
teeth  in  many  Invertehrata  ;  but  teeth  formed  by  the  calcifi- 
cation of  papillary  elevations  of  the  enderon  of  the  lining  of 
the  mouth  are  confined  to  the  Vertebrata ;  unless,  as  seems 
probable,  the  teeth  of  the  Echinidea  have  a  similar  origin. 

The  lining  membrane  of  the  oral  cavity  is  capable  of  being 
everted,  as  a  proboscis,  in  many  Invertebriata.  The  margins 
of  the  mouth  may  be  raised  into  folds,  armed  with  cuticular 
plates.  In  the  Vertebrata^  the  jaws  are  such  folds,  supported 
by  endoskeletal  cartilages,  belonging  to  the  system  of  the 
visceral  arches,  or  by  bones  developed  in  and  around  them  ; 
but,  in  the  Arthropoda^  what  are  usually  termed  jaws  are 
modified  limbs. 

The  Blood  and  Circulatory  Apparatus. — In  the  Coeten- 
terata,  the  somatic  cavity,  or  enterocoele,  is  in  free  commu- 
nication with  the  digestive  cavity,  and  not  unfrequently 
communicates  with  the  exterior  by  other  apertures.  The  fluid 
which  it  contains  represents  blood  ;  it  is  moved  by  the  con- 
tractions of  the  body,  and  generally  by  cilia  developed  on  the 
endodermal  lining  of  the  enterocoele.  In  the  Turbellaria^ 
Trematoda^  and  Cestoidea^  the  lacunae  of  the  mesoderm  and 
the  interstitial  fluid  of  its  tissues  are  the  only  representatives 
of  a  blood -vascular  system.  It  is  probable  that  these  com- 
municate directly  with  the  terminal  ramifications  of  the  water- 
vascular  system.  In  the  Motif era^  a  spacious  perivisceral 
cavity  separates  the  mesoderm  into  two  layers,  the  splanch" 
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nopleure^  which  forms  the  enderon  of  the  alimentary  canal, 
and  the  somcUopleure,  which  constitutes  the  enderon  of  the 
integument.  The  terminations  of  the  water- vessels  open  into 
this  cavity.  In  Annelids,  there  is  a  similar  perivisceral  cavity 
communicating  in  the  same  way  with  the  segmental  organs  ; 
but,  in  most,  there  is,  in  addition,  a  system  of  canals  with 
contractile  walls,  which,  in  some,  communicate  freely  with 
the  perivisceral  cavity,  but,  in  the  majority,  are  shut  off  from 
it.  These  canals  are  filled  by  a  clear,  usually  non-corpuscu- 
lated  fluid,  which  may  be  red  or  green,  and  constitute  the 
pseud-hcemal  system.  The  fluid  which  occupies  the  perivis- 
ceral cavity  contains  nucleated  corpuscles,  and  has  the 
characters  of  ordinary  blood.  It  seems  probable  that  the 
fluid  of  the  pseud-haemal  vessels,  as  it  contains  a  substance 
resembling  hemoglobin,  represents  a  sort  of  respiratory 
blood. 

In  the  Arthropoda^  no  segmental  organs  or  pseud-haemal 
vessels  are  known.  In  the  lowest  forms,  the  perivisceral 
cavity  and  the  interstices  of  the  tissues  represent  the  whole 
blood-system,  and  colorless  blood- cells  float  in  their  fluid  con- 
tents. In  the  higher  forms,  a  valvular  heart,  with  arteries 
and  capillaries,  appears,  but  the  venous  system  remains  more 
or  less  lacunar.  In  the  MoUuaca^  the  same  gradual  differen- 
tiation of  the  blood- vascular  system  is  observable.  In  very 
many,  if  not  all,  the  blood-cavities  communicate  directly  with 
the  exterior  by  the  "  organs  of  Bojanus  " — which  resemble 
very  simple  segmental  organs,  and  appear  to  be  always  asso- 
ciated with  the  renal  apparatus. 

In  the  Vertebrata,  Amphioxua  has  a  system  of  blood-ves- 
sels, with  contractile  walls,  and  no  distinct  heart.  In  all 
the  other  Vertebrates  there  is  a  heart  with  at  fewest  three 
chambers  {sinus  venosus^  atrium,  ventricle) ,  arteries,  capil- 
laries, and  veins,  and  a  system  of  lymphatic  vessels  connected 
with  the  veins.  The  lymphatic  fluid  consists  of  a  colorless 
plasma,  with  equally  colorless  nucleated  corpuscles ;  the  blood- 
plasma  contains,  in  addition,  red  corpuscles,  which  are  nucle- 
ated in  Ichthyopsida  and  Sauropsida,  but  have  no  nucleus 
in  the  Maminalia.  The  lymphatic  vessels  always  communi- 
cate with  the  interstitial  lacunae  of  the  tissues,  and  in  the 
lower  Vertebrates  are  themselves,  to  a  great  extent,  irregular 
sinuses.  The  venous  system  presents  many  large  sinuses  in 
the  lower  Vertebrates;  while,  in  the  higher  forms,  these 
sinuses  are  for  the  most  part  replaced  by  definite  vessels  with 
muscular  walls.     But  the  ^^  serous  cavities ''  remain  as  vast 
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lymphatic  lacunae.  Valves  make  their  appearance  in  the  lym- 
phatics and  in  the  veins,  and  the  heart  becomes  subdivided  in 
such  a  manner  as  to  bring  about  a  more  and  more  complete 
separation  of  the  systemic  circulatory  apparatus  from  that 
which  supplies  the  respiratory  organs. 

The  Hespiratorj/  System. — In  the  lower  Metazoa  respira- 
tion is  effected  by  the  general  surface  of  the  body.  In  the 
Annelids,  processes  of  the  integument,  which  are  sometimes 
branched  and  usually  are  abundantly  ciliated  and  supplied 
with  pseud-hsemal  vessels,  give  rise  to  branchim.  Branchiae 
abundantly  supplied  with  blood-vessels,  but  never  ciliated, 
attain  a  great  development  in  the  Crustacea,  The  access  of 
fresh  water  to  tbem  is  secured  by  their  attachment  to  some 
of  the  limbs  ;  and,  in  the  higher  Crustaceans,  one  of  the  ap- 
pendages, the  second  maxilla,  serves  as  an  accessory  organ 
of  respiration.  Although  especially  adapted  for  aquatic  res- 
piration, they  are  converted  into  air-breathing  organs  in  the 
land-crabs,  being  protected  and  kept  moist  in  a  large  cham- 
ber formed  by  the  carapace. 

In  some  moUusks  (e.  g.,  Pteropoda\  the  delicate  lining 
membrane  of  the  pallial  cavity  serves  as  the  respiratory 
organ ;  but,  in  most,  branched  or  laminated  processes  of  the 
body  give  rise  to  distinct  branchiae.  The  mantle  becomes  an 
accessory  organ  of  respiration,  being  so  modified  as  to  direct, 
or  to  cause,  the  flow  of  currents  of  water  over  the  branchiae 
contained  in  its  cavity.  In  many  adult  urodele  Amphibia 
{JPere7inibranchiata)^  and  in  the  embrj'onic  condition  of  all 
Amphibia  and  of  many  fishes,  branchiae  of  a  similar  character, 
abundantly  supplied  with  blood-vessels,  are  attached  to  more 
or  fewer  of  the  visceral  arches. 

In  all  these  cases  the  branchiae  are  external,  and  are  de- 
veloped from  the  integument.  In  Crustaceans  and  Mollusks 
the  blood  with  which  they  are  supplied  is  returning  to  the 
heart ;  while,  in  the  Vertebrata  mentioned,  it  is  flowing  from 
the  heart;  and  it  will  be  observed  that  the  gradual  per- 
fectioning  of  the*  respiratory  machinery  consists,  first,  in  the 
outgrowth  of  parts  of  the  integument  specially  adapted  to 
subserve  the  interchange  between  the  gases  contained  in  the 
blood  and  those  in  the  surrounding  medium ;  secondly,  in  the 
increase  of  the  surface  of  the  branchiae,  so  as  to  enable  them 
to  do  their  work  more  rapidly ;  thirdly,  in  the  development 
of  accessory  organs,  by  which  the  flow  of  water  over  the 
branchiae  is  rendered  definite  and  constant,  and  may  be  in- 
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creased  or  diminished  in  accordance  with  the  needs  of  the 
economy. 

It  is  probable  that  the  water-vascular  system  and  the  seg- 
mental organs  of  Turbellarians  and  Annelids,  the  cloacal 
tubes  of  the  Gephyrea  and  of  some  Molothuridea^  the  ambu- 
lacral  vesicles  of  the  Echinoderms,  and  the  large  pharyngeal 
cavity  of  the  Polyzoa^  to  a  greater  or  less  extent,  subserve 
respiration,  and  constitute  internal  respiratory  organs. 

In  Myriapoda  and  Jnsecta,  the  tracheoe — tubes  which 
open  on  the  surface  of  the  body  and  contain  air,  and  are 
curiously  similar  in  their  distribution  to  the  water-vessels  of 
the  worms — constitute  a  very  complete  internal  atrial  respira- 
tory apparatus. 

In  Arachnida^  tracheae  may  exist  alone,  or  be  accom- 
panied by  folded  pulmonary  sacs^  or  the  latter  may  exist 
alone,  as  in  the  Scorpion.  In  this  case,  these  lungs  are  sup- 
plied by  blood  which  is  returning  from  the  heart. 

In  these  animals,  the  flow  of  air  into  and  out  of  the  air- 
cavities  is  governed  by  the  contractions  of  muscles  of  the 
body,  disposed  so  as  to  alter  its  vertical  and  longitudinal 
dimensions.  In  the  higher  forms,  the  entrance  and  exit  of 
air  is  regulated  hy  valves,  placed  at  the  external  openings 
{stigmata)  of  the  tracheae,  and  provided  with  muscles,  by 
which  they  can  be  shut. 

In  the  JBJnteropneusta  and  the  Tunicata  a  new  form  of 
internal  aquatic  respiratory  apparatus  appears.  The  large 
pharynx  is  perforated  by  lateral  apertures,  which  place  its 
cavity  in  communication  with  the  exterior ;  and  water,  taken 
in  by  the  mouth,  is  driven  through  these  branchial  clefts  and 
aerates  the  blood  which  circulates  in  their  interspaces. 

The  respiratory  apparatus  of  Amphioxus,  of  all  adult 
fishes,  and  of  the  tadpoles  of  the  higher  anurous  Amphibia, 
in  a  certain  stage  of  their  existence,  is  of  an  essentially  simi- 
lar character.  The  accessory  respiratory  apparatus  for  the 
maintenance  and  the  regulation  of  the  currents  of  water  over 
the  gills  is  furnished  by  the  visceral  arches  and  their  mus- 
cles ;  and  the  respiratory  blood  flows  from  the  heart. 

In  MoUusks  which  live  on  land  {Pulmog aster opoda),  the 
lining  wall  of  the  mantle  cavity  becomes  folded  and  highly 
vascular,  and  subserves  the  agration  of  the  venous  blood, 
which  flows  through  it  on  its  way  to  the  heart.  The  lung  is 
here  a  modification  of  the  integument,  and  might  be  termed 
an  external  lung.  The  lungs  of  the  air-breathing  Vertehrata, 
on  the  contrary,  are  diverticula  of  the  alimentary  canal,  pos- 
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terior  to  the  hindermost  of  the  visceral  arches.  They  receive 
their  blood  from  the  hindermost  aortic  arch.  It  therefore 
flows  from  the  heart.  The  gradual  improvement  of  these 
lungs  as  respiratory  machines  is  effected,  first,  by  the  increase 
of  the  surface  over  which  th'e  venous  blood  brought  to  the 
lungs  is  distributed;  secondly,  by  changes  in  the  walls  of 
the  cavity  in  which  the  lungs  are  contained,  by  which  that 
cavity  gradually  becomes  shut  off  from  the  peritoneal  cham- 
ber, and  divided  from  it  by  a  muscular  partition.  Concur- 
rently with  these  modifications,  a  series  of  alterations  takes 
place  in  the  accessory  apparatus  of  respiration,  whereby  the 
machinery  of  inspiration,  which,  in  the  lower  Vertebrata^  is  a 
buccal  force-pump,  which  drives  air  into  the  lungs,  in  the  same 
way  as  water  is  driven  through  the  branchiae,  is  replaced  by 
a  thoracic  suction-pump,  which  draws  air  into  the  lungs  by 
dilatation  of  the  walls  of  the  closed  cavity  in  which  they  are 
contained.  Along  with  these  changes,  modifications  of  the 
heart  take  place,  in  virtue  of  which  one-half  of  its  total 
mechanical  power  becomes  more  and  more  exclusively  ap- 
propriated to  the  task  of  driving  the  blood  through  the  lungs. 
The  term  "  double  circulation "  applied  to  the  course  of  the 
blood  in  the  highest  Vertebrata  is,  however,  a  misnomer.  In 
the  highest,  as  in  the  lowest,  of  these  animals,  the  blood  com- 
pletes but^  one  circle,  and  the  respiratory  organ  is  in  the 
course  of  the  outward  current. 

Many  animals  are  truly  amphibious,  combining  aquatic 
and  atrial  respiratory  organs. 

Thug,  among  MoUusks,  AmpvUaria  and  Onchidum  com- 
bine branchiae  with  pulmonary  organs  ;  many  Teleostean  fishes 
have  the  lining  membrane  of  the  enlarged  branchial  chamber 
vascular  and  competent  to  subserve  aerial  respiration.  And 
in  the  Ganoids  and  Teleostei  the  presence  of  an  air-bladder, 
which  is  both  functionally  and  morphologically  of  the  same 
nature  as  a  lung,  is  very  common.  But,  in  the  majority  of 
the  Teleostei^  the  air-bladder  is  turned  aside  from  its  pulmo- 
nary function  to  subserve  mechanical  purposes,  in  affecting 
the  specific  gravity  of  the  body.  On  the  other  hand,  in  the 
Ganoids  and  Dipnoi^  the  whole  series  of  modifications  by 
which  the  air-bladder  passes  into  the  lung  are  patent.  In 
such  lower  Amphibia  as  Proteus  and  Menobranchus^  bran- 
chial respiration  is  predominant,  and  the  lungs  are  subsidi- 
ary ;  but,  in  the  higher,  the  lungs  acquire  greater  importance, 
while  the  branchiae  diminish,  and  eventually  disappear. 
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The  Uropoietic  System. — Uropoietic  organs,  distinct  from 
the  alimentary  canal,  are  probabl}'  represented  by  the  water- 
vascular  system  and  segmental  organs  of  the  worms.  The 
"  organs  of  Bojanus  "  of  Mollusks  are  sacs  or  tubes  opening, 
on  the  one  side,  on  the  exterior  of  the  body,  and,  on  the 
other,  into  some  part  of  the  blood -vascular  system.  So  far, 
as  Gegenbaur  has  shown,  they  resemble  the  segmental  organs 
of  Annelids.  In  the  majority  of  the  MoUuaca^  some  part  of 
the  waU  of  the  organ  of  Bojanus  is  in  close  relation  with  the 
venous  system  near  the  heart,  and  the  nitrogenous  waste  of 
the  body  is  here  eliminated  from  the  venous  blood.  In  the 
Vertebrata^  the  renal  apparatus  is  constructed  on  the  same 
principle.  If  for  simplicity's  sake  we  reduce  a  mammalian 
kidney  to  a  ureter  with  a  single  uriniferous  tubule,  it  cor- 
responds with  an  organ  of  Bojanus,  so  far  as  it  contains  a 
cavity  communicating  with  the  exterior  at  one  end,  and  hav- 
ing a  vascular  plexus — the  Malpighian  body — ^in  intimate 
contact  with  the  opposite  end.  In  the  adult  mammal  there  is 
no  direct  communication  between  the  urinary  duct  and  the 
blood -vascular  system.  But,  inasmuch  as  recent  researches 
have  proved  that  the  ureter  is  formed  by  subdivision  of  the 
Wolffian  duct,  and  that  the  Wolffian  duct  is  primitively  a  di- 
verticulum of  the  peritoneal  cavity,  and  remains  for  a  longer 
or  shorter  time  (permanently,  in  some  of  the  lower  Verte- 
brata,  as  Myxine)  in  communication  therewith ;  and  since  it 
has  further  been  shown  that  the  peritoneal  cavity  communi- 
cates directly  with  the  lymphatics,  and  therefore  indirectly 
with  the  veins ;  it  follows  that  the  vertebrate  kidney  is  an 
extreme  modification  of  an  organ,  the  primitive  type  of  which 
is  to  be  found  in  the  organ  of  Bojanus  of  the  Mollusk,  and  in 
the  segmental  organ  of  the  Annelid ;  and,  to  go  still  lower, 
in  the  water-vascular  system  of  the  Turbellarian.  And  this,  in 
its  lowest  form,  is  so  similar  to  the  more  complex  conditions 
of  the  contractile  vacuole  of  a  ProtozoOn,  that  it  is  hardly 
straining  analogy  too  far  to  regard  the  latter  as  the  primary 
form  of  uropoietic  as  well  as  of  internal  respiratory  apparatus. 

The  Nervous  System. — In  its  essential  nature,  a  nerve  is 
a  definite  tract  of  living  substance,  through  which  the  molec- 
ular changes  which  occur  in  any  one  part  of  the  organism 
are  conveyed  to  and  affect  some  other  part.  Thus,  if,  in  the 
simple  protoplasmic  body  of  a  Protozoan,  a  stimulus  applied 
to  one  part  of  the  body  were  more  readily  transmitted  to 
some  other  part,  along  a  particular  tract  of  the  protoplasm, 
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that  tract  would  be  a  virtual  nerve,  although  it  might  have 
no  optical  or  chemical  characters  which  should  enable  us  to 
distinguish  it  from  the  rest  of  the  protoplasm. 

It  is  important  to  have  this  definition  of  nerve  clearly 
before  us  in  considering  the  question  whether  the  lowest 
animals  possess  nerves  or  not.  Assuredly  nothing  cf  the 
kind  is  discernible,  by  such  means  of  investigation  as  we  at 
present  possess,  in  Protozoa  or  Porifera  ;  but  anj^  one  who 
has  attentively  watched  the  ways  of  a  Colpoda^  or  still  more 
of  a  Vbrticellay  will  probably  hesitate  to  deny  that  they 
possess  some  apparatus  by  which  external  agencies  give 
rise  to  localized  and  coordinated  movements.  And  when  we 
reflect  that  the  essential  elements  of  the  highest  nervous 
system — the  fibrils  into  which  the  axis-fibres  break  up — are 
filaments  of  the  extremest  tenuity,  devoid  of  any  definite 
structural  or  other  characters,  and  that  the  nervous  system 
of  animals  only  becomes  conspicuous  by  the  gathering  to- 
gether of  these  filaments  into  nerve-fibres  and  nerves,  it  will 
be  obvious  that  there  are  as  strong  morphological,  as  there 
are  physiological,  grounds  for  suspecting  that  a  nervous  sys- 
tem may  exist  very  low  down  in  the  animal  scale,  and  possi- 
bly even  in  plants. 

The  researches  of  Kleinenberg,  which  may  be  readily  veri- 
fied, have  shown  that,  in  the  common  Hydra^  the  inner  ends 
of  the  cells  of  the  ectoderm  are  prolonged  into  delicate  pro- 
cesses, which  are  eventually  continued  into  very  fine  longi- 
tudinal filaments,  forming  a  layer  between  the  ectoderm  and 
the  endoderm. 

Kleinenberg  terms  these  n euro-muscular  elements,  and 
thinks  that  they  represent  both  nerve  and  muscle  in  their 
undifferentiated  state.  But  it  appears  to  me  that  while  the 
assumed  contractility  of  these  fibres  might  account  for  the 
shortening  of  the  body  of  the  Polyp,  they  can  have  nothing 
to  do  with  its  lengthening.  As  the  latter  movements  are  at 
least  as  vigorous  as  the  former,  we  are  therefore  obliged  to 
assume  sufficient  contractility  in  the  general  constituents  of 
the  body  to  account  for  them.  And  if  so,  what  ground  is 
there  for  supposing  that  this  contractility  can  be  exerted  by 
only  one  tissue  when  the  body  shortens  ?  To  my  mind,  it  is 
more  probable  that  "  Kleinenberg's  fibres  "  are  solely  inter- 
nuncial  in  function,  and  therefore  the  primary  form  of  nerve. 
The  prolongations  of  the  ectodermal  cells  have  indeed  a 
strangely  close  resemblance  to  those  of  the  cells  of  the  olfac- 
tory and  other  sense-organs  in  the  Yertebrata  ;  and  it  seems 
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probable  that  they  are  the  chanDels  by  which  impulses  affect- 
ing any  of  the  cells  of  the  ectoderm  are  conveyed  to  other 
cells  and  excite  their  contraction. 

The  researches  of  Eimer  *  upon  the  nervous  system  of  the 
Ctenophora  are  in  perfect  accordance  with  this  view.  The 
mesoderm  is  traversed  in  all  directions  by  very  fine  fibrils, 
varying  in  diameter  from  3^^^^^  to  Tyiinr  ^^  ^^  inch.  These 
fibrils  present  numerous  minute  varicosities,  and,  at  intervals, 
larger  swellings  which  contain  nuclei,  each  with  a  large  and 
strongly  refracting  nucleolus.  These  fibrils  take  a  straight 
course,  branch  dichotomously,  and  end  in  still  finer  filaments, 
which  also  divide,  but  become  no  smaller.  They  terminate 
partly  in  ganglionic  cells,  partly  in  muscular  fibres,  partly  in 
the  cells  of  the  ectoderm  and  endoderm.  Many  of  the  nerve- 
fibrils  take  a  longitudinal  course  beneath  the  centre  of  each 
series  of  paddles,  and  these  are  accompanied  by  ganglionic 
cells,  which  become  particularly  abundant  toward  the  aboral 
end  of  each  series.  The  eight  bands  meet  in  a  central  tract 
at  the  aboral  pole  of  the  body;  but  Eimer  doubts  the  nervous 
nature  of  the  cellular  mass  which  lies  beneath  the  lithocyst 
and  supports  the  eye-spots. 

The  nervous  system  of  the  Ctenophoran  is,  therefore,  just 
such  as  would  arise  in  Hydra^  if  the  development  of  a  thick 
mesoderm  gave  rise  to  the  separation  and  elongation  of 
Kleinenberg's  fibres,  and  if  special  bauds  of  such  fibres, 
developed  in  relation  with  the  chief  organs  of  locomotion, 
united  in  a  central  tract  directly  connected  with  the  higher 
sensory  organs.  We  have  here,  in  short,  virtual,  though  in- 
completely differentiated,  brain  and  nerves. 

AH  recent  investigation  tends  more  and  more  completely 
to  establish  the  following  conclusions :  firstly,  that  the  central 
ganglia  of  the  nervous  system  in  all  animals  are  derived  from 
the  ectoderm;  secondly,  that  all  the  nerves  of  the  sensory 
organs  terminate  in  cells  of  the  ectoderm ;  thirdly,  that  all 
motor  nerves  end  in  the  substance  of  the  muscular  fibres  to 
which  they  are  distributed.  So  that,  in  the  highest  animals, 
the  nervous  system  is  essentially  similar  to  that  of  the  lowest; 
the  difference  consisting,  in  part,  in  the  proportional  size  of 
the  nerve-centres,  and,  in  part,  in  the  gathering  together  of 
the  internuncial  filaments  into  bundles,  having  a  definite 
arrangement,  which  are  the  nevoes^  in  the  ordinary  anatomical 
sense  of  the  term. 

^  "  ZoologiBchd  Studlen  auf  Capri.'^    Leipsic,  1878. 
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And  as  respects  the  ectodermal  cells  which  constitute  the 
fundamental  part  of  the  organs  of  the  special  senses,  it  is 
becoming  clear  that  the  more  perfect  the  sensory  apparatus, 
the  more  completely  do  these  sensigenous  cells  take  on  the 
form  of  delicate  rods  or  filaments.  Whether  we  consider  the 
organs  of  the  lateral  line  in  fishes  and  amphibia,  the  gusta- 
tory bulbs,  the  olfactory  cells,  the  auditory  cells,  or  the 
elements  of  the  retina,  this  rule  holds  good. 

Every  one  of  the  organs  of  the  higher  senses  makes  its 
appearance  in  the  animal  series  as  a  part  of  the  ectoderm, 
the  cells  of  which  have  undergone  a  slight  modification.  In 
the  case  of  the  eye,  accessory  structures,  consisting  of  vari- 
ously-colored masses  of  pigment,  which  surround  the  visual 
cells,  and  of  a  transparent  refracting  cuticular  or  cellular 
structure  which  lies  superficially  to  them — a  rudimentary 
choroid  and  cornea — are  next  added.  The  highest  form  of 
compound  Arthropod  eye  differs  from  this  only  in  the  differ- 
entiation of  the  layer  of  sensigenous  cells  into  the  crystalline 
cones  and  their  appendages,  and  it  has  not  been  clearly  made 
out  that  the  simple  eyes  of  most  other  Invertebrata  have 
undergone  any  further  change. 

But  in  Nautilus  the  nerve-cells  and  choroid  line  the  walls 
of  a  deep  cup  open  externally ;  which,  though  its  development 
has  not  been  traced,  may  be  safely  assumed  to  result  from 
the  involution  of  the  retinal  ectoderm.  It  may  be  compared 
to  an  arthropod  compound  eye  become  concave  instead  of 
convex. 

In  the  higher  Cephalopoda^  the  margins  of  the  ocular 
pouch  unite  and  give  rise  to  a  true  cornea,  which,  however, 
frequently  remains  perforated,  and  a  crystalline  lens  is  de- 
veloped. In  the  higher  Vertehrai^a  the  retina  is  still  a  modi- 
fied portion  of  the  ectoderm.  For,  inasmuch  as  the  anterior 
cerebral  vesicle  is  formed  by  involution  of  the  epiblast,  and 
the  optic  vesicle  is  a  diverticulum  of  the  anterior  cerebral 
vesicle,  it  necessarily  follows  that  the  outer  wall  of  the  optic 
vesicle  is  really  part  of  the  ectoderm,  its  inner  fa<?e  being, 
morphologically,  a  portion  of  the  surface  of  the  body.  The 
rods  and  cones  of  the  vertebrate  eye,  therefore,  exactly  corre- 
spond with  the  cr3\stalline  cones,  etc.,  of  the  Arthropod  eye; 
and  the  reversal  of  the  ends  which  are  turned  toward  the 
light  in  the  Vertebrata  is  a  necessary  result  of  the  extraor- 
dinary change  of  position  which  the  retinal  surface  undergoes 
in  them. 

In  the  part  of  the  ectoderm  which  takes  on  the  auditory 
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function,  twt>  kinds  of  accessory  organs,  solid  particles  sus- 
pended in  a  fluid  and  fine  hair-like  filaments,  are  developed 
in  close  relation  with  the  nerve-endings.  In  the  Crustacea 
both  are  combined,  and  an  involution  of  the  sensory  region 
takes  place,  which  usually  remains  open  throughout  life,  and 
represents  the  most  rudimentary  form  of  auditory  labyrinth. 
The  Crustacean  ear  is  the  parallel  of  the  Nautilus  eye.  In 
the  Vertehrata  the  membranous  labyrinth  is  similarly  an  in- 
volution of  the  integument,  which  remains  open  throughout 
life  in  many  fishes,  but  becomes  shut  off  and  surrounded  by 
thick  mesoblastic  structures  in  all  the  higher  Vertehrata, 
The  tympanum  and  the  ossicula  auditHs  are  additional 
accessory  structures,  formed  at  the  expense  of  the  hyoman- 
dibular  cleft  and  its  boundary-walls. 

The  Beproductive  System. — The  relation  of  the  reproduc- 
tive elements  to  the  primitive  layers  of  the  germ  is  as  yet 
uncertain.  E.  van  Beneden  has  brought  forward  very  strong 
evidence  to  the  efl'ect  that  in  Hydr actinia  the  spermatozoa 
are  modified  cells  of  the  ectoderm,  and  the  ova  of  those  of  the 
endoderm ;  but,  whether  it  can  be  safely  concluded  that  this 
rule  holds  good  for  animals  generally,  is  a  question  that  can 
only  be  settled  by  much  and  difficult  investigation.  The  fact 
that,  in  the  Vertehrata^  the  ova  and  spermatozoa  are  products 
of  the  epithelial  lining  of  the  peritoneal  cavity,  and  therefore 
proceed  from  the  mesoblast,  appears  at  first  sight  directly  to 
negative  any  such  generalization.  But  it  must  be  remem- 
bered that  the  origin  of  the  mesoblast  itself  is  yet  uncertain, 
and  that  it  is  quite  possible  that  one  portion  of  that  layer  may 
originate  in  the  ectoderm  and  another  in  the  endoderm. 

There  is  some  reason  to  suspect  that  hermaphrodism  was 
the  primitive  condition  of  the  sexual  apparatus,  and  that  uni- 
sexuality  is  the  result  of  the  abortion  of  the  organs  of  the  other 
sex,  in  males  and  females  respectively. 

Very  low  down  in  the  animal  series,  among  the  TurheUa- 
ria,  the  accessory  organs  of  generation  acquire  a  great  com- 
plexity. In  the  lower  Turhellaria  the  excretory  duct  is  a 
mere  short,  wide  passage.  But,  in  the  higher  Turhellaria  and 
Trematoda^  the  female  apparatus  presents  a  germarium,  in 
which  the  ova  are  developed  ;  vitellarian  glands,  which  give 
rise  to  a  supplemental  or  food  yelk  ;  an  oviduct ;  a  uterus  and 
vagina ;  and  a  spermatheca,  in  which  the  semen  is  stored  up. 
The  male  apparatus  presents  a  testis,  a  vas  deferens,  and  a 
penis.     The  function  of  the  vitellarian  gland  may  be  taken  on 
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by  cells  of  the  ovary,  or  oviduct ;  or  accessory  yelk-substance 
may  be  formed  within  the  primitive  ovum  itself,  in  the  Arthro- 
poda  and  in  most  MoUusca ;  but  the  reproductive  organs  in 
all  these  animals  are  reducible  to  the  Turbellarian  type. 

In  the  Annelids  (  Oligochoeta  and  Polych€eta\  tlie  ovaria 
and  testes  often  have  no  special  ducts,  and  their  products 
make  their  way  out  of  the  body  by  canals  which  appear  to  be 
modified  segmental  organs. 

In  the  (Jephalopoda^  again,  the  ovaria  and  testes  part  with 
their  contents  by  dehiscence  into  chambers  connected  with  the 
water-cavities,  which  are  prolongations  of  the  organs  of  Boja- 
nus.  And  they  are  conveyed  away  from  these  chambers  oy 
ducts,  the  oviducts  or  vasa  deferentia,  which  cotnmence  by 
open  mouths  in  them. 

In  the  Vertebrata^  the  reproductive  organs  either  dehisce 
and  pour  their  contents  into  the  peritoneal  cavity,  whence 
they  are  conveyed  outward  by  abdominal  pores  (Marsipo- 
branchii^  many  Teleostei)^  or  they  are  continued  into  ducts 
which  open  behind  the  anus  separately  from  the  renal  open- 
ing in  the  females,  but  in  common  with  it  in  the  males  (most 
Teleosteans)  ;  or  their  ducts  are  derived  from  portions  of  the 
primitive  renal  apparatus  which,  as  we  have  seen,  is  a  struct- 
ure of  the  same  order  as  the  organs  of  Bojanus  and  the  seg- 
mental organs.  The  testis  is  usually  converted  into  a  mass 
of  tubuli,  which  eventually  open  directly  into  the  ducts  (epi- 
didymiSj  vas  deferens)  derived  from  the  renal  organs.  The 
ovary,  on  the  other  hand,  becomes  an  aggregation  of  sacs — 
the  Graafian  follicles — and  the  oviducts  open  into  the  perito- 
neal cavity. 

Development. — The  embryo  either  passes  through  all 
stages  from  the  morula  to  a  condition  difiering  from  the  adult 
only  in  size,  proportions,  and  sexual  characters,  or  it  leaves  the 
egg  in  a  condition  more  or  less  remote  from  the  adult  state, 
and  sometimes  exceedingly  different  from  it.  In  the  latter 
case,  the  animal  is  said  to  undergo  a  metamorphosis.  Each  of 
these  modes  of  development  occurs  in  members  of  the  same 
group,  and  often  in  closely  allied  forms  :  as,  for  example,  the 
former  in  the  crayfish  (Astacus),  and  the  latter  in  the  lobster 
(PTomarus). 

When  metamorphosis  occurs,  the  larva  may  live  under 
conditions  totall}'  different  from  those  under  which  the  adult 
passes  its  existence,  and  its  structure  may  be  variously  modi- 
fied in  relation  to  these  conditions.     Thus  the  larva  of  an 
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animal  which  is  fixed  in  the  adult  state  may  be  provided  with 
largely-developed  locomotive  organs;  while  that  of  an  adult 
which  feeds  by  suction  may  be  provided  with  powerful  appa- 
ratus for  the  seizure  and  manducation  of  vegetable  and  ani- 
mal prey. 

The  larva  of  a  free  adult  may  be  parasitic,  or  that  of  a 
parasitic  adult  free  and  actively  locomotive.  Moreover,  the 
whole  course  of  development  maj-  take  place  outside  the  body 
of  the  parent,  or  more  or  less  extensively  within  it ;  whence 
the  distinction  of  oviparous^  ovovlviparoics^  and  viviparous  * 
animals. 

Finally,  when  development  takes  place  within  the  body  of 
the  parent,  the  foetus  may  receive  nourishment  from  the  latter 
by  means  of  an  apparatus  termed  a  placenta^  by  which  an 
exchange  between  the  parental  and  foetal  blood  is  readily 
effected.  Examples  of  placentae  are  found  not  only  in  the 
higher  mammals,  but  in  some  Plagiostome  fishes  and  among 
the  Ihnicata, 

In  many  insects  and  in  the  higher  Vertebrates,  the  em- 
bryo acquires  a  special  protective  envelope,  the  amnion j 
which  is  thrown  off  at  birth  ;  while,  in  many  Vertebrates, 
another  foetal  appendage,  the  allantoiSy  subserves  the  respi- 
ration and  nutrition  of  the  foetus. 

The  strange  phenomena  included  under  the  head  of  the 
**  Alternation  of  Generations,"  and  which  result  from  the  di- 
vision, by  budding  or  otherwise,  of  the  embryo  which  leaves 
the  eggy  into  a  succession  of  independent  zoOids,  only  the  last 
of  which  acquires  sexual  organs,  have  already  been  gener- 
ally discussed. 

IV. — THE    DISTRIBUTION   OP  ANIMALS. 

The  distribution  of  animals  has  to  be  considered  under 
two  points  of  view  :  first,  in  respect  of  the  present  condi- 
tion of  Nature  ;  and  secondly,  in  respect  of  past  conditions. 
The  first  is  commonly  termed  Geographical,  the  second 
Geological^  or  PaleorUological,  Distribution.     A  little  con- 

*  As  eggs  capable  of  development  are  alive j  this  terminoloffy  is  etyraologi- 
cally  bad ;  and  ovovwiparous  is  particularly  objectionable,  as  ail  animals  bring 
forth  live  eggs,  or  that  which  proceeds  from  them.  But,  as  understood  to  ap- 
ply to  animus  which  lay  eggs,  to  those  in  which  the  eggs  are  hatched  within 
the  interior  of  the  body  without  any  special  foetal  nutritive  apparatus,  and  to 
those  in  which  the  young  are  provided  with  such  an  apparatus,  it  ha8  a  oertdn 
convenience. 
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sideration,  however,  will  show  that  this  classification  of  the 
facts  of  distribution  is  essentially  faulty,  inasmuch  as  many 
of  the  phenomena  included  under  the  second  head  are  of  the 
same  order  as  those  comprehended  under  the  first.  Zo{5logical 
Distribution  comprehends  all  the  facts  which  relate  to  the 
occurrence  of  animals  upon  the  earth's  surface  throughout 
the  time  during  which  animal  life  has  existed  on  the  globe. 
Therefore  it  embraces : 

First,  Zoological  Chronology^  or  the  duration  and  order  of 
succession  of  living  forms  in  time  ;  and — 

Secondly,  Zoological  Geography^  or  the  distribution  of  life 
on  the  earth's  surface  at  any  given  epoch. 

What  is  commonly  termed  Geographical  Distribution  is 
simply  that  distribution  which  obtains  at  the  present  epoch  ; 
but  it  is  obvious  that,  at  any  given  moment  in  their  past  his- 
tory, animals  must  have  had  some  sort  of  geographical  distri- 
bution ;  and  considerable  acquaintance  with  the  nature  of  that 
distribution  has  now  been  obtained  for  all  the  epochs,  the 
nature  of  the  living  population  of  which  has  been  revealed  by 
fossil  remains.  I  do  not  propose  to  deal  at  length  with  either 
branch  of  distribution  in  this  place,  but  a  few  broad  truths 
which  have  been  established  may  be  mentioned. 

Geographical  Distribution  at  the  Present  Epoch, — The 
fauna  of  the  deep  sea  (below  five  hundred  fathoms)  has  been 
shown,  by  the  investigations  of  Wyville  Thomson  and  his 
associates  of  the  Challenger,  to  present  a  striking  general  uni- 
formity (in  all  parts  of  the  world  hitherto  explored,  in  corre- 
spondence with  the  general  uniformity)  of  conditions  at  such 
depths. 

With  respect  to  the  surface  of  the  sea,  the  observations  of 
the  same  naturalists  tend  to  establish  a  like  uniformity  of  the 
great  types  of  foraminiferal  life  throughout  the  tropical  and 
temperate  zones — with  a  diminution  in  the  abundance  of  that 
life  toward  the  arctic  and  antarctic  regions,  where  it  appears 
to  be  replaced  by  Radiolaria  and  Diatomaceous  plants. 

With  regard  to  higher  organisms,  the  oceanic  Hydrozoa 
and  the  Ctenophora  are  undoubtedly  very  widely  spread.  It 
is  probable  that  they  attain  their  maximum  development  in 
warm  seas,  though  the  known  facts  are  insufficient  for  the 
definite  conclusion.  Sagitta  and  Appendicularia^  with  many 
genera  of  Copepoda,  Crustacea^  and  JPteropoda,  are  of  world- 
wide distribution  ;  and  it  is  at  present  doubtful  whether  any 
well-marked  provinces  of  the  ocean  can  be  defined  by  the  oc- 
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currence  of  purely  pelagic  animals.  On  the  other  hand,  shal- 
low-water marine  animals  fall  into  assemblages  characteristic 
of  definite  areas  or  provinces  of  distribution — that  is  to  say, 
though  many  species  have  a  worJd-wide  distribution,  others 
occur  only  in  particular  localities,  and  certain  geographical 
areas  are  marked  by  the  existence  in  them  of  a  number  cf 
such  peculiar  species.  The  basins  of  the  Pacific,  the  Indian 
Ocean,  the  Atlantic,  the  Mediterranean,  and  the  Arctic  seas,, 
are  thus  especially  characterized  ;  and  even  limited  areas  of 
these  great  geographical  divisions,  such  as  the  Celtic,  the 
Lusitanian,  and  the  Australian,  have  their  peculiar  features. 

But,  though  the  shallow-water  marine  faunse  thus  follow 
the  broad  features  of  physical  geography,  and  though,  within 
each  great  province  of  distribution  thus  marked  out,  temper- 
ature and  other  physical  conditions  have  an  obvious  influence 
in  determining  the  range  of  species  ;  yet,  on  comparing  any 
two  great  areas  together,  differences  in  climatal  conditions 
are  at  once  seen  to  be  inadequate  to  account  for  the  differ- 
ences between  the  faunse  of  the  two  areas.  Climate  in  no 
way  enables  us  to  understand  why  the  Trigonia^  the  pearly 
Nautilus^  the  Cestracion^  the  eared  seals,  and  the  penguins, 
are  found  in  the  Pacific  and  not  in  the  Atlantic  area ;  *  nor 
why  the  Cetacea  of  the  arctic  and  antarctic  regions  should  be 
as  different  as  they  are.  When  we  turn  to  the  distribution 
of  land-animals,  the  boundaries  of  the  provinces  of  distribu- 
tion correspond  neither  with  physical  features  nor  with  cli- 
matic conditions.  Mammals,  birds,  reptiles,  and  amphibians, 
are  so  distributed  at  the  present  day  as  to  mark  out  four  great 
areas  or  provinces  of  distribution  of  very  unequal  extent,  in 
each  of  which  a  number  of  characteristic  types,  not  found 
elsewhere,  occur.  These  are  :  1.  The  Arctogceal^  including 
North  America,  Europe,  Africa,  and  Asia  as  far  as  WaUace's 
line,  or  the  boundary  between  the  Indian  and  the  Papuan 
divisions  of  the  Indian  Archipelago  ;  2.  The  Austrocolvm- 
hian^  comprising  all  the  American  Continent  south  of  Mexico ; 
3.  The  AtistrcUian,  from  Wallace's  line  to  Tasmania  ;  4.  The 
Novozelanian^  including  the  islands  of  New  Zealand.'' 

>  Penguins  are  found  at  the  Cape  of  Good  Hope  and  at  the  Falkland  iRlands^ 
"but  not  in  the  northern  parts  of  tno  west  coast  of  Africa,  nor  of  the  east  coast 
of  South  America.  In  tne  Pacific  they  stretch  north  to  the  Papuan  and  Peru- 
vian coasts. 

>  On  the  classification  and  distribution  of  the  Aleetoromorphm  and  Hetero- 
morpha:  Proceedings  of  the  Zo^^Iogical  Society,  1868.  Sclater  on  the  "  Geo- 
ffiaphical  Distribution  of  Birds,"  Ibid.,  vol.  ii.  Pucheran,  "  Revue  et  Magasln 
de  Zoologie,"  1865.  Murray,  "  The  Geographical  Distribution  of  Mammals." 
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,  There  is  no  doubt  that  provinces  of  distribution,  closely 
corresponding  with  these,  existed  at  the  time  of  the  Qua- 
ternary and  later  Tertiary  rocks.  In  Europe,  North  America, 
and  Asia,  the  Arctogaeal  province  was  as  distinctly  charac- 
terized in  the  Miocene,  and  probably  in  the  Eocene  epoch,  as 
it  is  at  present.  What  may  have  been  the  case  in  Austroco- 
lumbia,  Australasia,  and  Novozelania,  we  have  no  means  of 
being  certain,  in  the  absence  of  sufficient  knowledge  of  the 
Miocene  and  Eocene  deposits  of  those  regions. 

Our  present  knowledge  of  the  geographical  distribution 
which  obtained  in  the  older  periods  does  not  enable  us  to 
speak  with  any  confidence  as  to  the  limits  of  the  provinces  of 
distribution  in  the  past.  But  this  much  is  certain,  that  as  far 
back  as  the  epoch  of  the  Trias — at  the  dawn  of  the  Secondary 
period — the  Heptilia  and  Amphibia  of  Europe,  India,  and 
South  Africa,  and  probably  North  America,  presented  the 
same  kind  of  resemblance  as  the  mammals  and  birds  of  the 
corresponding  Arctogasal  fauna  do  now.  But  then  there  is 
no  information  respecting  the  reptiles  and  amphibians  of  the 
corresponding  epoch  in  Austrocolumbia  and  Australia,  so  that 
it  is  impossible  to  say  whether,  in  Triassic  times,  the  Arcto-^ 
gseal  province  was  limited  as  it  is  now. 

Outside  the  limits  of  the  Arctogaeal  province,  the  mate- 
rials for  forming  a  judgment  of  the  distribution  of  animals 
are  altogether  insufficient  to  enable  us  to  draw  any  conclu- 
sion as  to  the  existence,  and  still  less  as  to  the  boundaries,  of 
definite  provinces  of  distribution  in  Palaeozoic  times.  No 
remains  of  land-animals  have  jet  been  discovered.  The 
fresh-water  fauna  consists  of  Amphibians  and  Fishes,  and  we 
know  nothing,  or  next  to  nothing,  of  these  in  any  part  of  the 
world  except  the  Arctogaeal  province. 

A  good  deal  is  known  of  the  older  Silurian  fauna  outside 
the  boundaries  of  the  present  Arctogaeal  province,  and  within 
those  of  both  the  Austrocolumbian  and  Australasian  prov- 
inces. With  a  generally  similar  fades,  the  faunae  of  these 
regions  present  clear  differences.  And,  considering  that  the 
groups  of  animals  which  are  represented  are  chiefly  deep-sea 
and  pelagic  forms,  it  is  not  wonderful  that  this  similarity  of 
facies  should  exist.  The  investigations  of  the  Challenger 
expedition  show  that  such  forms  present  a  like  similarity  of 
facies  at  the  present  day. 

One  of  the  most  important  facts  which  have  been  estab- 
lished under  the  head  of  Zoological  Chronology  is,  that  in  all 
parts  of  the  world  the  fauna  of  the  later  part  of  the  Tertiary 
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period,  in  any  province  of  distribution,  was  made  up  of  forms 
either  identical  with,  or  very  similar  to,  those  now  living  in 
that  area. 

For  example,  the  elepliants,  tigers,  bears,  bisons,  and  hip- 
popotamuses of  the  later  tertiary  deposits  of  England  are  all 
closely  allied  to  members  of  the  existing  Arctogaeal  fauna ; 
the  great  armadillos,  anteaters,  and  platyrrhine  apes  of  the 
caves  of  South  America,  are  as  closely  related  to  the  existing 
Austrocolumbian  fauna ;  and  the  fossil  kangaroos,  wombats 
and  phalangers  of  the  Australian  tertiaries  to  those  which 
now  live  in  the  Australasian  province. 

No  remains  of  elephants  occur  in  Australia,  nor  kangaroos 
in  Austrocolumbia;  nor  anteaters  and  armadillos  in  Europe 
in  Tertiary  deposits. 

But,  as  we  go  back  in  time  from  the  Tertiary  lo  the  Sec- 
ondary, this  law  no  longer  holds  good.  Most  of  the  few  ter- 
restrial mammals  of  secondary  age  which  have  been  dis- 
covered belong  to  Australasian  and  not  to  Arctogaeal  types, 
and  the  marine  fauna  resembles  that  of  the  existing  Pacific 
more  than  it  does  that  of  the  Atlantic  area,  but  differs  from 
both  in  the  presence  of  numerous  wholly  extinct  groups.  It 
looks  as  if,  in  the  latter  part  of  the  Cretaceous  epoch,  a 
great  change  in  the  limits  of  the  then  existing  distributional 
area  had  taken  place,  and  the  types  now  characteristic  of 
the  Arctogaeal  province  had  invaded  regions  from  which 
they  had  before  been  shut  out.  And  the  assumption  of  a 
process  of  a  similar  character  appears  to  me  to  be  the  only 
rational  explanation  of  the  rapid  advent  of  types  absent  in 
the  Palaeozoic  deposits  known  to  us,  in  the  earlier  Secondary 
rocks. 

Yet  other  results  of  first-rate  importance  have  come  out 
of  the  study  of  the  chronological  relations  of  fossil  remains. 
Cuvier's  investigations  proved  that  the  hiatuses  between 
existing  groups  of  ungulate  mammals  tend  to  be  filled  up  by 
extinct  forms.  Later  investigations  have  not  only  confirmed 
this  conclusion,  but  have  shown  that,  in  several  cases,  an 
existing  much-modified  form  can  be  shown  to  have  been  pre- 
ceded in  time,  in  the  same  distributional  area,  by  exactly 
such  forms  as  it  is  necessary  should  have  existed,  if  the  much- 
modified  existing  animal  had  proceeded  by  way  of  evolution 
from  a  simpler  form. 

For  certain  groups  of  animals,  then,  there  is  as  much  and 
as  good  evidence  of  their  having  been  evolved  by  successive 
modification  of  a  primitive  form  as  the  nature  of  the  case  per- 
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mits  us  to  expect.  But  the  groups  in  which  there  is  evi- 
dence of  such  modifications  during  geologically  recorded 
time,  all  belong  to  the  most  differentiated  members  of  their 
classes.  Lower  forms,  coextensive  in  duration,  exhibit  no 
sign  of  having  undergone  any  notable  modification.  While 
the  former  are  mutable^  the  latter  sltq  persistent  types  in  rela- 
tion to  geological  time. 

Leaving  the  debatable  question  of  the  nature  of  Eozoon 
aside,  the  oldest  fossiliferous  rocks  are  the  Cambrian.  The 
scanty  fauna  therein  preserved  consists  of  forms  which  are, 
neither  Protozoa  nor  Porifera^  nor  even  appertain  to  the 
lowest  groups  of  their  respective  classes.  There  is  no  reason 
to  believe  that  it  gives  a  just  notion  of  the  contemporaneous 
fauna,  nor  is  there  any  valid  reason  for  the  supposition  that 
it  represents  the  forms  of  animal  life  which  were  the  first  to 
make  their  appearance  on  our  planet. 


CHAPTER  n. 

THE     PROTOZOA. 

In  its  feeblest  manifestations,  the  contractility  of  animals 
results  in  mere  changes  of  the  form  of  the  body,  as  in  the 
adult  Gregarince ;  but,  from  the  sluggish  shortenings  and 
lengthenings  of  the  different  diameters  of  the  body  which 
these  creatures  exhibit,  all  gradations  are  traceable,  through 
those  animals  which  push  out  and  retract  broad  lobular  pro- 
cesses, to  those  in  which  the  contractile  prolongations  take 
the  form  of  long  and  slender  filaments.  Whether  thick  or 
filamentous,  such  contractile  processes  are  called  "pseudo- 
podia,"  when  their  movements  are  slow,  irregular,  and  in- 
definite ;  "  cilia  "  or  "  flagella,"  when  they  are  rapid  and  occur 
rhythmically  in  a  definite  direction ;  but  the  two  kinds  of  or- 
gans are  essentially  of  the  same  nature.  It  will  be  convenient 
to  distinguish  those  Protozoa  which  possess  pseudopodia,  as 
myxopods^  and  those  which  are  provided  with  cilia  or  fiagella, 
as  mastigopods. 

The  Protozoa  are  divisible  into  a  lower  and  a  higher 
group.  In  the  former — the  Monera — no  definite  structure  is 
discernible  in  the  protoplasm  of  the  body  ;  in  the  latter — ^the 
Endoplastica — a  certain  portion  of  this  substance  (the  so- 
called'  nucleus)  is  distinguishable  from  the  rest ; '  and,  very 
commonly,  one  or  more  "  contractile  vacuoles  "  are  present. 
The  name  of  contractile  vacuoles  is  given  to  spaces  in  the  pro- 
toplasm, which  slowly  become  filled  with  a  clear,  watery  fluid, 
and,  when  they  have  attained  a  certain  size,  are  suddenly 
obliterated  by  the  coming  together,  on  all  sides,  of  the  proto- 
plasm in  which  they  lie.  This  systolic  and  diastolic  move- 
ment usually  occurs  at  a  fixed  point  in  the  protoplasm,  at  regu- 
lar intervals,  or  rhythmically.    But  the  vacuole  has  no  proper 

'  I  adopt  this  distinction  as  a  matter  of  temporary  convenience,  though 
I  entertain  great  doubt  whether  it  will  stand  the  test  of  further  investigation. 
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wall,  nor,  in-  most  cases,  is  any  trace  of  it  discernible  at  the 
end  of  the  systole.  Occasionally,  the  vacuole  certainly  com- 
municates with  the  exterior,  and  there  is  some  reason  to 
think  that  such  a  communication  may  always  exist.  The 
function  of  these  organs  is  entirely  unknown,  though  it  is  an 
obvious  conjecture  that  it  may  be  respiratory  or  excretory. 

The  "  nucleus  "  is  a  structure  which  is  often  wonderf uUj^ 
similar  to  the  nucleus  of  an  histological  cell ;  but,  as  its  iden- 
tity with  this  is  not  fully  made  out,  it  may  better  be  termed 
"  endoplast."  It  is,  usually,  a  rounded  or  oval  body  imbed- 
ded in  the  protoplasm,  and  but  slightly  different  therefrom 
in  either  its  optical  or  chemical  characters.  Generally  it  be- 
comes more  deeply  stained  by  such  coloring-matters  as  haema- 
toxylin  or  carmine,  and  resists  the  action  of  acetic  acid  better 
than  the  surrounding  protoplasm. 

In  a  few  Protozoa  there  are  many  endoplasts  in  the  sub- 
stance of  the  body,  and  the  protoplasm  shows  some  tendency 
to  become  partially  differentiated  into  cells.  But  where,  as 
in  the  higher  Infusoria^  the  body  presents  a  definite  organi- 
zation, with  permanently  differentiated  constituents,  which 
may  be  properly  termed  tissues,  these  tissues  do  not  result 
from  the  metamorphosis  of  cells,  but  originate  from  the  pro- 
toplasm directly  by  changes  of  its  physical  and  chemical  char- 
acters. 

Conjugation,  followed  by  the  development  of  germs,  which 
are  set  free  and  assume  the  form  of  the  parent,  has  been  ob- 
served in  several  groups  of  the  Protozoa^  but  it  is  not  yet 
quite  certain  how  far  sexual  distinctions  are  established  among 
these  animals. 

I. — THE   MONERA. 

In  these  lowest  forms  of  animals  the  entire  living-  body 
consists  of  a  particle  of  gelatinous  protoplasm,  in  which 
no  nucleus,  contractile  vacuole,  or  other  definite  structure, 
is  visible  ;  and  which,  at  most,  presents  a  separation  into 
an  outer,  more  clear,  and  denser  layer,  the  ectosarc ;  and 
an  inner,  more  granular  and  fluid  matter,  the  endosarc.  The 
outer  layer  is  the  seat  of  active  changes  of  form,  whereby 
it  is  produced  into  pseudopodia,  which  attain  a  certain 
length,  and  are  then  retracted,  or  are  effaced  by  the  devel- 
opment of  others  from  adjacent  parts  of  the  body.  These 
pseudopodia  are  sometimes  broad,  short  lobes ;  at  others,  elon- 
gated filaments.     When  lobate,  the  pseudopodia  remain  dis- 


THE  MONERA.  75 

• 
tinct  from  one  another,  their  margins  are  clear  and  transpar- 
ent, and  the  granules  which  they  may  contain  plainly  tiow 
into  their  interior  from  the  more  fluid  central  part  of  the 
body.  But,  when  they  are  filiform,  they  are  very  apt  to  run 
into  one  another,  and  give  rise  to  networks,  the  constituent 
filaments  of  which,  however,  readily  separate  and  regain  their 
previous  form  ;  and,  whether  they  do  this  or  not,  the  surfaces 
of  these  pseudopodia  are  often  beset  by  minute  granules, 
which  are  in  incessant  motion — like  those  which  are  observ- 
able on  the  reticulations  of  the  protoplasm  of  the  cells  in  a 
Tradeseantia  hair. 

•The  myxopod  thus  described  moves  about  by  means  of  its 
contractile  pseudopodia,  and  takes  the  solid  matters  which 
serve  as  its  food  into  all  parts  of  its  body  by  their  aid ;  while 
the  undigested  exuvia  of  the  food  are  rejected  from  all  parts 
of  the  body  in  the  same  indiscriminate  way.  It  is  an  organ- 
ism which  IS  devoid  of  any  visible  organs  except  pseudopodia; 
and,  so  far  as  is  known  at  present,  it  multiplies  by  simple  di- 
vision. 

The  Protamoeha  (with  lobate  pseudopodia)  and  Protoge- 
nes  (with  filamentous  pseudopodia),  of  Haeckel,  are  Monera 
of  this  extremely  simple  character.  In  Myxodictyum  (Haeck- 
el) the  pseudopodia  of  a  number  of  such  Monera  run  togeth- 
er, and  give  rise  to  a  complex  network,  or  common  plasmo- 
dkim. 

It  is  open  to  doubt,  howerer,  whetlier  either  Protamoeba^ 
ProtogeneSy  or  Myxodictyum^  is  anything  but  one  stage  of  a 
cycle  of  forms,  which  are  more  completely,  though  perhaps 
not  yet  wholly,  represented  by  some  other  very  interesting 
Monera^  also  describad  by  Elaeckel. 

•  Thus,  the  genus  Vampyrella  is  a  myxopod  with  filamen- 
tous pseudopodia,  a  species  of  which  infests  one  of  the  stalked 
jyiaXom^^Qedd^  Gomphonema^  feeding  upon  the  soft  parts  of  the 
frustules  of  its  host,  by  inserting  some  of  its  pseudopodia 
through  the  raphe  of  the  frustule,  which  it  envelops,  and 
absorbing  the  contained  protoplasm.  Having  thus  provided 
itself  with  abundant  nourishment,  by  creeping  from  frustule 
to  frustule  of  the  Gomphonema^  it  thrusts  aside  the  last 
evacuated  frustule  from  its  peduncle,  and,  taking  its  place, 
draws  in  its  pseudopodia,  becomes  spherical,  and  surrounds 
itself  with  a  structureless  cyst,  inclosed  in  which  it  remains 
perched  upon  the  peduncle  of  the  Gomphonema,  Soon  its 
protoplasm  undergoes  division  into  four  equal  masses,  and 
each  of  these,  becoming  converted  into  a  young  VatnpyreUa^ 
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escapes  from  the  cyst,  and  recommsDces  the  predatory  life  of 
its  parent,     la  this  case  the  myxopod  becomes  encysted,  and 
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then  undergoes  fission  into  bodies,  each  of  which  passes  direct- 
ly into  the  form  of  the  parent. 

In  another  genus  {Mj/xastrum)  an  additional  complication 
is  introduced ;  the  myxopod  becomes  encysted,  and  then  di- 
vides into  many  portions  ;  each  of  these  elongates,  and  sur- 
rounds itself  with  a  delicate,  fusiform,  silicious  case.  Thus 
inclosed,  the  germs  are  set  free  by  the  bursting  of  the  cyst ; 
and,  after  a  while,  the  contents  of  the  silicious  cases  emerge, 
and  pass  at  once  into  the  myxopod  state. 

In  other  genera,  not  only  does  the  myxopod  become  en- 
cysted before  it  undergoes  fissive  multiplication,  but  the  forms 
thus  produced  differ  from  the  myxopod  in  being  free-swim- 
ming organisms,  propelled  by  a  long  vibratile  filament  or  fla- 
gellum,  like  those  flagellate  Infusoria  which  are  termed  "mo- 
nads." After  swimming  about  for  a  while,  these  mastigopods 
draw  in  their  flagella,  and  become  creeping  myxopods.  This 
cycle  of  forms  is  exhibited  by  the  genus  Protomonas  of 
Haeckel.  Lastly,  in  Protomyxa  (Fig.  1)  (Haeckel),  there  is 
an  alternation  of  a  mastigopod  {d)  with  a  myxopod  form  (e),  as 
in  Protomonas.  But  each  myxopod  does  not  usually  become 
encysted  alone.  On  the  contrary,  a  certain  number  of  the 
myxopods  unite  together,  and  become  fused  into  an  active 
Plasmodium  (/*),  which  exhibits  no  trace  of  their  primitive 
separation.  The  plasmodium  becoming  quiescent  and  sphe- 
roidal, surrounds  itself  with  a  structureless  cyst  (a),  divides 
into  numerous  portions  (ft),  which  are  converted  into  flagellate 
mastigopods,  and  these  finally  return  to  the  myxopod  condi- 
tion (c,  d^  e).  The  cycle  of  hfe  is  here  singularly  similar  to 
that  presented  by  the  Myxomycetes^  which  have  hitherto  been 
usually  regarded  as  plants. 

There  is  no  means  of  knowing  whether  the  cycle  of  forms 
presented  by  Protomonas  and  Protomyxa  is  complete,  or 
whether  some  term  of  the  series  is  still  wanting ;  and,  con- 
sidering how  low  down  among  plants  the  sexual  process  oc- 
curs, it  seems  quite  possible  that  some  corresponding  sexual 
process  yet  waits  to  be  discovered  among  the  Monera,  It  is 
posible  that  the  fusion  of  separate  Myxodictya  and  Proto^ 
myxoe  into  a  plasmodium  may  be  a  process  of  sexual  conjuga- 
tion. On  the  other  hand,  it  may  well  be  that  these  extremely 
simple  organisms  have  not  yet  reached  the  stage  of  sexual 
differentiation. 

The  Foraminifera. — Doubtless  many  Monera  remain  to 
be  discovered,  but  they  will  probably  be  minute  and  inconspic- 


78        ■   THE   ANATOMY  OF  INVIRTEBBATBD  ANIMALS. 

U0U3  organisms  like  the  majority  of  those  already  described. 
The  JPoraminifera,  on  the  other  hand,  are  Monera  of  the 
JVotoffenes  type,  which,  nevertheless,  play  and  have  played  an 
important  part  in  the  history  of  the  globe,  by  reason  of  their 
power  of  fabricating  skeletons  or  shells,  which  may  be  com- 
posed of  homy  (chitinouB?)  matter,  or  of  carbonate  of  lime, 
secreted  from  the  water  in  which  they  live,  or  may  be  fabri- 
ated  by  sticking  together  extraneous  matter,  such  as  par- 
ticles of  sand. 

The  first  step  from  such  an  organism  as  Protogenea  to  the 
Foraminifera  is  seen  in  Liebe!wahnia  of  Glapar^de,  where 
the  pseudopodia  are  given  off  from  only  a  small  part  of  the 
sur&ce  of  the  body,  the  rest  remaining  oaked  and  flexible. 

In  Gromia  there  is  a  similar  restriction  of  the  area  from 
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which  pseudopodia  proceed,  but  the  rest  of  the  body  is  in- 
vested by  a  case  of  a  membranous  substance.  Let  this  case 
become  hardened  by  the  attachment  of  foreign  bodies — as 
particles  of  sand,  or  fragments  of  shelly  matter,  as  in  the  so- 
called  arenaceous  Foraminifera — or  let  a  deposit  of  calca- 
reous salts  take  place  in  it,  and  the  GTomiav/ovHA  be  con- 
verted into  a  Foraminifer. 

The  infinitely  diveraiHed  characters  of  the  skeleton  of  the 
Foraminifera  depend — firstly,  upon  the  structure  of  the  skele- 
tal substance  itself  ;  and,  secondly,  upon  the  form  of  the  pro- 
toplasmic body,  which  last,  again,  is  largely  dependent  upon 
the  manner  in  which  successive  buds  of  protoplasm  are  devel- 
oped from  the  parent  miiss,  which,  to  begin  with,  is  always 
simple  in  form  and  commonly  globular. 

llie  substance  of  the  calcareous  skeleton  itself,  whatever 
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be  its  form,  is  either  perforated  or  imperforate.  In  the  Im- 
perforata  ( Gromidce^  LituitideB,  MilioUdaB)  the  pseudopodia 
are  protruded  from  only  one  end  of  the  body,  the  rest  of 
which  is  cut  off  from  the  exterior  by  the  skeleton.  lu  the 
Perforata  the  substance  of  the  shell  is  traversed  by  more  or 
less  delicate  canals  filled  with  the  protoplasm,  which  thus 
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reaches  the  surface  and  gives  off  pseudopodia  all  over  the 
body.  Hence,  while  the  hard  parts  of  the  Imperforata  form 
a  sort  of  exoskeleton,  those  of  the  Perforata  have  rather 
the  nature  of  an  endoskeleton. 

The  simplest  skeletons  are  spherical  or  flask-shaped,  and 
single-chambered.  But  complication  arises  by  the  addition 
of  new  chambers,  which  may  form  a  linear  series,  or  be  coiled 
upon  one  another  in  various  ways,  or  be  irregularly  aggre- 
gated. Moreover,  the  new  chambers  may  overlap  those  al- 
ready formed  in  different  degrees,  and  the  interspaces  between 
the  walls  of  the  chambers  may  be  variously  filled  up  by  sec- 
ondary deposition  until  such  large  and  apparently  compli- 
cated bodies  as  the  Nummulites  are  built  up. 

The  Foraminifera  are  almost  all  marine  animals,  living 
in  the  sea,  from  the  surface  to  great  depths,  sometimes  free, 
ftod  sometimes  attached  to  other  bodies. 

The  investigations  of  Major  Owen,  confirmed  and  extend- 
ed by  the  recent  work  of  H,  M.  S.  Challenger,  have  proved 
that  such  forms  as  Qlobigerina,  Pulvinularia,  and  Ortmlina, 
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constantly  occur  at  the  surface  of  all  temperate  and  tropical 
seas,  and,  together  with  the  Radiolaria  and  the  diatoma- 
ceous  plants  which  accompany  them,  form  an  important  in- 
gredient in  the  food  of  pelagic  animals,  such  as  the  Salpce, 

It  is  no  less  certain  that,  at  all  depths  down  to  2,400  fath- 
oms or  thereabouts,  Olobigerinoe  in  all  stages  of  growth,  and 
containing  more  or  less  protoplasmic  matter,  are  found  at  the 
bottom  mixed  with  the  cases  of  the  surface  Diatoms  and  the 
skeletons  of  Radiolaria,  The  proportion  of  Globigerincej 
OrbidinoB^  and  Fidvinvlarimy  in  the  deep-sea  mud  increases 
with  the  depth  until,  at  depths  beyond  1,000  fathoms,  the 
sea-bottom  is  composed  of  a  fine,  chalky  ooze  made  up  of 
little  more  than  the  remains  of  these  Foraminifera  and  their 
associated  Diatoms  and  Madiolaria. 

It  may  be  regarded  as  certain,  therefore,  that  some  of  the 
chalky  ooze  arises  from  the  precipitation  to  the  bottom  of  the 
skeletons  of  dead  Olohigerince^  Pulvinularice^  and  Orhulinoe^ 
and  it  may  be  that  the  whole  has  this  origin.  On  the  other 
hand,  it  may  be  that  a  greater  or  smaller  proportion  of  these 
Foraminifera  really  live  at  the  bottom,  as  their  congeners 
are  known  to  do  at  less  depths. 

It  has  been  said  that  the  condition  of^the  surface-waters 
and  sea-bottom  which  has  just  been  described  obtains  in  all 
temperate  and  hot  seas  ;  or,  speaking  roughly,  for  55°  on 
either  side  of  the  equator.  Toward  the  northern  and  south- 
em  limits  of  this  zone  the  Foraminifera  diminish,  while  Ha- 
diolaria  remain  and  Diatomacece  increase  in  proportion,  so 
that,  in  the  circumpolar  areas  north  and  south  of  60°  in  each 
hemisphere,  the  surface-organisms  are  chiefly  such  as  have 
silicious  skeletons.  In  accordance  with  this  condition  of  the 
surface-life,  the  ooze  covering  the  sea-bottom  in  these  regions 
is  no  longer  calcareous  but  silicious,  being  composed  of  the 
cases  of  Diatoms  and  the  skeletons  of  jRadioldria  often 
largely  mixed  with  ice,  drifted  mud,  stones,  gravel,  and  bowl- 
ders. 

If  we  suppose  the  globe  to  be  uniformly  covered  with  an 
ocean  1,000  fathoms  deep,  the  solid  land  forming  its  bottom 
would  be  out  of  reach  of  rain,  waves,  and  other  agents  of 
degradation,  and  no  sedimentary  deposits  would  be  formed. 
But  if  Foraminifera  and  Diatoms,  following  the  same  laws 
of  distribution  as  at  present  obtain,  were  introduced  into 
this  ocean,  the  fine  rain  of  their  silicious  and  calcareous  hard 
parts  would  commence,  and  a  circumpolar  cap  of  silicious 
deposit  would  begin  to  make  its  appearance  in  the  north  and 
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in  the  south  ;  while  the  intermediate  zone  would  be  covered 
with  Olobigerina  ooze,  containing  a  comparatively  small  pro- 
portion of  silicious  matter.  The  thickness  of  the  calcareo- 
silicious  and  silicious  beds  thus  formed  would  be  limited  only 
by  time  and  the  depth  of  the  ocean.  These  strata,  once  ac- 
cumulated, would  be  liable  to  all  those  influences  of  percolat- 
ing moisture  and  subterranean  heat  which  are  known  to  suf- 
fice to  convert  silicious  matters  into  opal,  or  quartzite,  and 
calcareous  matters  into  the  various  forms  of  limestone  and 
marble.  And  such  metamorphic  agencies  might  more  or  less 
completely  obliterate  the  traces  of  their  primitive  structure. 

But  yet  other  changes  might  be  eflPected.  At  the  present 
day,  in  the  Gulf  of  Mexico,  off  the  Agulhas  Bank  and  else- 
where, at  no  great  depths  (100  to  300  fathoms)  the  Fora- 
miniferal  mud  is  undergoing  a  metamorphosis  of  another 
character.  The  chambers  of  the  Foraminifera  become  filled 
by  a  green  silicate  of  iron  and  alumina,  which  penetrates  into 
even  their  finest  tubuli,  and  takes  exquisite  and  almost  in- 
destructible «asts  of  their  interior.  The  calcareous  matter  is 
then  dissolved  away,  and  the  casts  are  left,  constituting  a 
fine  dark  sand,  which,  when  crushed,  leaves  a  greenish  mark, 
and  is  known  as  "  green-sand." 

Moreover,  the  researches  of  the  Challenger  have  shown 
that  in  great  areas  of  the  Atlantic  and  Pacific  Oceans  over 
which  the  sea  has  a  depth  exceeding  2,400  fathoms — areas  in 
some  cases  of  many  thousand  square  miles  in  superficies — the 
bottom  is  covered  not  by  Globigerina  ooze,  but  by  a  fine  red 
olay,  which  is  also  a  silicate  of  iron  and  alumina.  In  this  clay 
no  remains  of  Globigerina  or  other  calcareous  organisms  are 
found  ;  but,  where  these  great  depths  gradually  pass  into  shal- 
lower water,  they  make  their  appearance  in  a  fragmentary 
condition — ^gradually  becoming  more  and  more  perfect  as  the 
depth  diminishes  to  2,400  fathoms  or  thereabouts. 

Nevertheless  the  Globigermce  and  other  Foraminifera 
abound  at  the  surface  over  these  areas  as  thev  do  elsewhere, 
and  their  remains  must  be  rained  down  upon  it.  Why  they 
disappear,  and  what  relation  the  red-clay  mud  has  to  them,  is 
a  problem  not  yet  satisfactorily  solved.  It  has  been  suggested 
that  they  are  dissolved  and  that  the  red  clay  is  merely  the 
insoluble  residue,  left  after  the  calcareous  portion  of  their 
skeletons  has  disappeared.  In  this  case  the  red  clay,  like  the 
Globigerina  ooze,  the  silicious  mud,  and  the  green-sand,  will 
be  an  indirect  product  of  living  action. 

Metamorphic  processes  operating  upon  clay,  however,  may 
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convert  it  into  slate  ;  and  thus,  all  the  fundamental  minerals 
of  which  rock-masBes  are  composed  may  have  formed  part  of 
living  organisms,  though  no  trace  of  their  origin  may  be  dis- 
cernible in  them  in  their  final  state. 

Paleontology  lends  much  support  to  the  view  that  what 
is  here  suggested  as  a  theoretically  possible  origin  of  much 
of  the  superficial  crust  of  the  globe  may  have  been  its  actual 
origin. 

The  nummulitic  limestones  of  the  Eocene  epoch  cover  an 
enormous  area  of  Central  and  Southern  Europe,  North  Africa, 
West  Asia,  and  India.  And  their  chief  mass  is  made  up  of 
the  more  or  less  metamorphosed  remains  of  Foraminifera. 

The  beds  of  chalk  which  underlie  the  nummulitic  lime- 
stones, and  occupy  a  still  greater  area,  are  essentially  iden- 
tical with  the  Giobigerina  ooze,  the  species  of  Globigerina 
found  in  it  being  indistinguishable  from  those  now  living. 
The  remains  of  toraminifera  have  been  detected  in  the  lime- 
stones of  all  epochs  as  far  as  the  Silurian,  and  Ehrenberg  dis- 
covered that  an  old  Silurian  green-sand,  near  St.  Petersburg, 
is  composed  of  casts  of  Foraminifera  Just  such  as  are  now 
being  formed  in  the  Gulf  of  Mexico.  And  if  the  Fozoon  Cana- 
dense  be,  as  it  appears  to  be,  nothing  but  an  incrusting  form 
of  Foraminifer,  the  existence  of  these  oganisms  is  carried  back 
to  an  epoch  far  beyond  that  at  which  any  other  evidence  of 
life  has  yet  been  found.  So  that  it  is  possible  that,  as  Wy- 
ville  Thomson  has  suggested,  the  enormously  thick  "  azoic " 
slaty  and  other  rocks,  which  constitute  the  Laurentian  and 
Cambrian  formations,  may  be  to  a  great  extent  the  metamor- 
phosed products  of  Foraminiferal  life. 

Hence  the  words  of  Linnaeus  may  be  literally  true  : 

"  Petrefacta  non  a  calce,  sed  calx  a  petrefactis.    Sic  lapides  ab  animallbus, 
nee  vice  versa.    Sic  rapes  saxei  non  primsevi,  sed  temporis  filise." 

And  there  may  be  no  part  of  the  common  rocks,  which  enter 
into  the  earth's  crust,  which  has  not  passed  through  a  living 
organism  at  one  time  or  another. 

n. — THE  ENDOPLASnCA. 

1.  The  Radiolaria. — ^Most  species  of  the  genus  Actino- 
phrys  or  "sun-animalcule,"  which  is  common  in  ponds,  are 
simply  free-swimming  myxopods  with  stiffish  pseudopodia, 
which  radiate  from  all  sides  of  the  globular  body.  The  sub- 
stance of  the  latter  presents  one  or  more  "  contractile  spaces  '* 
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or  "vacuoles,"  which,  rhythmically,  become  distended  with 
water,  and  are  then  obliterated  by  the  contraction  of  the  sur- 
rounding protoplasm.  But  in  the  Actinophrys  (or  more 
properly  Actinosphcerium)  Mtchomii  (Fig,  4),  the  central 
part  of  the  protoplasm  is  distinguished  from  the  rest  by  con- 
taining a  number  of  endoplasts.  It  thus  leads  to  the  Jtorftote- 
ria  {Polycietina  of  Ehrenberg),  the  simplest  forms  of  which 


Fio.  i.-Ai!lbioiBiariiim  SXr^iomU  {a(Mr  Hartwls  and  Leaser,  '■  Heber  BhiiOp(>. 

dm,"  SdinliB's  Arehl',  18T8). 
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consist  essentiallv  of  a  myxopod  provided  with  filamentous, 
radiating,  and  often  anastomosing,  pseudopodia.  The  centre 
of  the  body  is  occupied  by  a  capsule  fille»f  with  protoplasm  ; 
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this  sometimes  containa  only  an  oil-globule,  at  others  cella,  or 
nuclei,  and   crystalline  bodies.    In  the  layer  ot  protopli^m 


toplaun,  magolfled. 


colored  vealclea  and  eiiioalt  wMctk  lie  In  tbe  inTogilag  pro- 


Fio.  9.~Spl«BVtaum  owUmon  (»fter  Hiackel),  mBgniaed. 

from  which  the  pseudopodia  proceed,  cellfflform  bodies  of  a 
bnght-yellow  color,  which  have  been  found  to  contain  starch, 
are  usually  developed,"  and  this  layer  also  gives  rise  to  a  skele- 
ton of  a  horny,  or,  more  usually,  silicious  character,  wMoh 

'  Even  after  the  death  of  the  Radiolarian,  theaa  yellow  oelU  are  saidhv  Cien- 
kowBky  to  tbnve  and  multiply,  and  the  pogsibility  that  they  may  be  parasites 
must  be  bome  in  mind.  j       j       i~ 
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may  have  the  form  of  detached  spicula,  or  of  coarticulated 
rods,  or  of  networks,  or  of  plates  of  silicious  matter,  often  of 
the  most  exquisite  delicacy  and  beauty.  Most  of  the  JRadi- 
olaria  are  simple,  solitary,  and  microscopical  in  size  ;  but 
some,  such  as  CoUosphoera  and  Sphcerozoum  (Figs.  5  and  6), 
are  formed  of  aggregates  of  such  simple  forms,  and  float,  as 
visible  gelatinous  masses,  at  the  surface  of  the  sea,  which  is 
the  habitation  of  the  great  majority  of  the  JRadiolaria, 

The  manner  of  multiplication  and  the  development  of  the 
Madiolaria  have  not  yet  been  thoroughly  worked  out.  Cien- 
kowsky,  however,  has  observed,  in  Collosphoeraj  that  the 
protoplasm  contained  in  the  central  capsule  breaks  up  into 
numerous  rounded  masses.  The  several  capsules  which  are 
associated  together  in  the  compound  Radiolarian  then  be- 
come isolated,  by  the  dissolution  of  the  protoplasm  which 
invested  and  connected  them,  and  finally  burst,  giving  exit 
to  the  rounded  bodies ;  which,  while  yet  within  the  capsules, 
were  observed  to  be  in  active  motion.  The  germs  (for  such 
they  appear  to  be)  thus  set  free  are  0.008  mm.  long,  ovate, 
and  carry  two  flagelliform  cUiu  at  their  narrow  ends ;  so  that 
they  are  "  monads."  Each  has  in  its  interior  a  crystalline  rod 
and  a  few  minute  oil-globules.  The  further  development  of 
these  mastigopods  has  not  je\  been  traced  ;  but,  if,  as  is 
probable,  they  pass  into  young  Radiolaria  (which,  according 
to  Haeckel,  possess  no  capsule,  but  resemble  ActinosphcB- 
ria\  the  Radiolaria^  as  members  of  the  EndoplaMica^  would 
typify  Protomanaa  among  the  Monera,  Neither  conjugation 
nor  fission  has  been  observed  among  the  ordinary  Radio- 
laria,  but  both  these  processes  take  place  in  Acttnosphc^- 
Hum  ;  and,  considering  tlie  resemblance  of  the  young  Radio- 
laria to  Actinosjyhoerium,  it  seems  probable  that  conjugation 
and  fission  will  yet  be  discovered  among  them. 

Actinosphoerium  has  been  observed  to  undergo  multipli- 
cation, by  division  of  its  central  substance  into  a  certain 
number  of  spheroids,  and  every  spheroid  becomes  inclosed  in 
a  silicious  case.  After  a  period  of  rest,  a  young  Actinoapkee- 
rium  emerges  from  each  of  these  cysts. 

The  marine  Radiol^aria  all  inhabit  the  superficial  stratum 
of  the  sea,  and  must  fabricate  their  skeletons  at  the  expense 
of  the  infinitesimally  small  proportion  of  silex  which  is  dis- 
solved in  sea-water;  but,  when  they  die,  these  skeletons  sink 
to  the  bottom,  and  there  accumulate,  together  with  the  Fora- 
miniferay  in  warm  and  temperate  regions;  and  with  the 
cases  of  the  diatomaceous  plants,  which  abound  at  the  sur- 
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face,  along  with  the  JRadiolaria^  all  over  the  globe  {see  p.  80). 
The  late  investigations  of  Archer  and  others  have  demon- 
strated  the  existence  of  a  considerable  number  of  fresh-water 
JRadiolaria. 

Extensive  masses  of  tertiary  rock,  such  as  that  which  is 
found  at  Oran,  and  that  which  occurs  at  Bissex  Hill,  in  Bar- 
badoes,  are  very  largely  made  up  of  exquisitely  preserved 
skeletons  of  Radiolaria.  But,  though  there  can  be  little 
doubt  that  Madiolaria  abounded  in  the  Cretaceous  sea,  none 
are  found  in  the  chalk,  their  silicious  skeletons  having  prob- 
ably been  dissolved  and  redeposited  as  flint. 

2.  The  Pbotoplasta. — The  proper  Amcehoe  have  broad 
and  ovate  pseudopodia,  and  resemble  Protamceha  (p.  75)  very 
closely;  but  they  present  an  advance  upon  its  structure,  by 
exhibiting  a  distinct  endoplast  (nucleus)  and  a  contractile 
vacuole.  In  Arcella^  there  are  many  such  nuclei.  They  thus 
stand  in  somewhat  the  same  relation  to  JProtamoeba  as  Acti- 
nophrya  does  to  Protogenes. 

Moreover,  there  are  AmoehoB  in  which  the  power  of  throw- 
ing out  pseudopodia  is  confined  to  one  region  of  the  body ; 
and  others,  as  ArceUa^  in  which  a  shell  is  formed  over  the 
rest  of  the  body.  In  other  Amoehce,  as  A.  radiosa.^  the  pseu- 
dopodia are.  few,  narrow,  and  but  little  mobile.  But  the 
AmoebcB  present  no  such  diversity  of  skeletal  development  as 
the  Foraminifera  do.  They  multiply  by  division,  and  in 
some  cases — e.  g.,  -4.  sphoerococcus  of  Haeckel — become  en- 
cysted before  they  divide. 

AmoeboB  (the  "  proteus  animalcules  "  of  the  older  writers) 
are  not  uncommon,  and  sometimes  are  very  abundant,  in 
fresh  waters  ;  they  also  occur  in  damp  earth  and  in  the  sea, 
but  there  is  much  doubt  whether  many  of  them  are  to  be 
regarded  as  independent  organisms,  or  whether  they  are  not 
rather  stages  in  the  development  of  other  animals  or  even 
of  plants,  such  as  Myxomycetes,  Leaving  out  the  contractile 
vacuole,  the  resemblance  of  an  Amoeba  in  its  structure,  man- 
ner of  moving,  and  even  of  feeding,  to  a  colorless  corpuscle 
of  the  blood  of  one  of  the  higher  animals  is  particularly  note- 
worthy.* 

3.  The  GRBGARiiiaD^  are  very  closely  allied  to  the  Amce- 
bee,  but,  in  the  cycle  of  forms  through  which  they  pass,  they 
curiously  resemble  Myxastrum,     In  form  they  are  spheroidal 

*  CoDtractile  vacuoles  have  been  observed  in  the  colorless  blood-corpus- 
cles of  Amphibia  under  certain  conditions. 
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or  elongated  oval  bodies,  sometimes  divided  by  constrictioaa 
into  segments.  Occasionally,  one  end  of  the  body  is  pro- 
duced into  a  sort  of  rostrum,  which  may  be  armed  with  re- 
curved homy  spines. 

In  the  ordinary  GregarincB,  the  body  presents  a  denser 
cortical  layer  (ectosarc)  and  a  more  fluid  inner  substance 
(endoearc),  in  which  last  the  endoplast  (nucleus)  is  imbed- 
ded. The  presence  of  contractility  is  manifested  merely  by 
slow  changes  of  form,  and  nutrition  appears  to  be  effected  by 
the  imbibition  of  the  fluid  nutriment,  prepared  by  the  organs 
of  the  animals  in  which  the  QregarbuB  are  parasitic.  There 
is  no  contractile  vacuole. 

The  Gregarince  have,  a  peculiar  mode  of  multiplication, 
sometimes  preceded  by  a  process  which  resembles  conju- 
gation. A  single  Gregarina  (or  two  which  have  become 
applied  together)  surrounds  itself  with  a  structuieless  cyst. 


Fia.  t.—A,  Oregarina  o!  Uie  earthworoi  (aflir  LieborbOhii)  -  B,  encjiled  -  r,  D 
contents  (UvrdBd  into  uBeQdo-nBTiceUB  j  E,F,tme>  pMndo-mvioelliB,  O.B.tm 
imcBbironn  coDlsule  of  the  Uller. 

The  nucleus  disappears,  and  the  protoplasm  breaks  up  (in  a 
manner  very  similar  to  that  in  which  the  protoplasm  of  a 


88  THE  ANATOMY  OP  INVERTEBRATED  ANIMALS. 

sporangium  of  M'ocor  divides  into  spores)  into  small  bodies, 
each  of  which  acquires  a  spindle-shaped  case,  and  is  known 
as  a  pseudo-navicdla.  On  the  bursting  of  the  cyst  these 
bodies  are  set  free,  and,  when  placed  in  favorable  circum- 
stances, the  contained  protoplasm  escapes  as  a  small  active 
body  like  a  JProtamoeba.  M.  E.  van  Beneden  has  recently  dis- 
covered a  very  large  Gregarina  ( O,  gigantea)^  which  inhab- 
its the  intestine  of  the  lobster,  and  his  careful  investigation 
of  its  structure  and  development  has  yielded  very  interesting 
results. 

Oregarina  gigantea  attains  a  length  of  two-thirds  of  an 
inch.  It  is  long  and  slender,  and  tapers  at  one  extremity, 
while  the  other  is  obtuse,  rounded,  and  separated  by  a  slight 
constriction  from  the  rest  of  the  body,  which  is  cylindroidaL 
The  outer  investment  of  the  body  is  a  thin  structureless  cu- 
ticle ;  beneath  this  lies  a  thick  cortical  layer  (ectosarc),  dis- 
tinguished by  its  clearness  and  firmness  from  the  semifluid 
central  substance  (endosarc),  which  contains  manv  strongly- 
refracting  granules.  In  the  centre  of  the  body,  the  ellipsoid 
"  nucleus,"  with  its  "  nucleolus,"  fills  up  the  whole  cavity  of 
the  cortical  layer,  and  thus  divides  the  medullary  substance 
into  two  portions.  The  body  of  this  Gregarina  may  present 
longitudinal  striations,  arising  from  elevations  of  the  inner 
surface  of  the  cortical  layer,  which  fit  into  depressions  of  the 
medullary  substance  ;  but  these  are  inconstant.  On  the  other 
hand,  there  are  transverse  striations  which  are  constant,  and 
which  arise  from  a  layer  of  what  are  apparently  muscular 
fibrillae,  developed  in  a  peripheral  part  of  the  cortical  layer, 
immediately  below  the  cuticle.  The  fibrillae  themselves  are 
formed  of  elongated  corpuscles  joined  end  to  end.  A  trans- 
verse partition  separates  the  cephalic  enlargement  from  the 
body,  and  the  layer  of  muscular  fibres  only  extends  into  the 
posterior  part  of  the  enlargement. 

The  embryos  of  Gregarina  gigantea^  when  they  leave 
their  pseudo-navicellaB,  are  minute  masses  of  protoplasm  simi- 
lar to  I^otamc^ce,  and  like  them  devoid  of  nucleus  and  con- 
tractile vacuole.  They  soon  cease  to  show  any  change  of 
form,  and  acquire  a  globular  shape,  the  peripheral  region  of 
the  body  at  the  same  time  becoming  clear.  Next,  two  long 
processes  bud  out  from  this  body ;  one  is  actively  mobile,  the 
other  still.  The  former,  detaching  itself,  assumes  the  appear- 
ance and  exhibits  the  motions  of  a  minute  thread-worm, 
whence  M.  van  Beneden  terms  it  a  pseudo-jUaria,  The  en- 
largement at  one  end  becomes  apparent,  the  pseudo-filaria 


THE  INFUSORIA.  89 

passes  into  a  quiescent  state,  and  the  "  nucleolus  "  makes  its 
appearance  in  its  interior.  Around  this  a  clear  layer  is  differ- 
entiated, giving  rise  to  the  "  nucleus,"  and  the  pseudo-filaria 
passes  into  the  condition  of  the  adult  Gregarina  gigantea. 

4.  The  Cataixaota  of  Haeckel,  represented  by  the  genus 
Magosphoera^  are,  in  one  stage,  myxopcds  with  long  pseudo- 
podia,  which,  broad  and  lobe-like  at  the  base,  break  up  into 
fine  filaments  at  their  ends,  and  may  therefore  be  said  to  be 
intermediate  between  those  of  Ptotogenes  and  those  of  Prot- 
amoeba.  The  myxopod  is  provided  with  a  distinct  endoplast 
and  a  well-marked  contractile  space.  When  fully  fed,  it  se- 
cretes a  cyst  and  divides  into  a  number  of  masses,  each  of 
which  is  converted  into  a  conical  body,  with  its  base  turned 
outward  and  its  apex  inward.  These  conical  bodies  are  im- 
bedded in  gelatinous  matter,  and  thus  cohere  into  a  ball,  from 
the  centre  of  which  they  radiate.  Each  develops  cilia  around 
its  base,  and  contains  an  endoplast  and  a  contractile  vacuole. 
After  the  complex  globe  thus  formed  has  burst  its  envelope, 
it  swims  about  for  a  while,  like  a  Volvox.  The  several  cilia- 
ted animalcules  feed  by  taking  in  solid  particles  through  the 
disk.  They  then  separate,  and,  finally,  retracting  their  cilia, 
become  myxopods  such  as  those  with  which  the  series  started. 
Magosphcera  is  thus  very  nearly  an  endoplastic  repetition  of 
the  moneran  Protomonas — the  mastigopod  being  provided 
with  many  small  cilia,  instead  of  with  a  couple  of  large  fla- 
gella.  On  the  other  hand,  the  Catallacta  are  closely  allied 
to  the  next  group,  and,  I  am  disposed  to  think,  might  well  be 
included  in  it. 

5.  The  Infusoria. — Excluding  from  the  miscellaneous  as- 
semblage of  heterogeneous  forms,  which  have  passed  under 
this   name,   the  Desmidice^  Diatomaccce^    VolvocinecB^  and 

Vibrionidoe,  which  are  true  plants,  on  the  one  hand  ;  and  the 
comparatively  highly-organized  Potifera,  on  the  other  ;  there 
remain  three  assemblages  of  minute  organisms,  which  may  be 
conveniently  comprehended  under  the  general  title  of  Infu- 
soria. These  are — (a)  the  so-called  "  Monads,"  or  Infusoria 
flagellata  ;  (ft)  the  AcinetoBy  or  Infusoria  tentaculifera  y  and 
(c)  the  Infusoria  ciliata, 

(a.)  The  Flagellata. — These  are  characterized  by  pos- 
sessing only  one  or  two  long,  whip-like  cilia,  sometimes  (when 
more  than  one  are  present)  situated  at  the  same  end  of  the 
body,  sometimes  far  apart.  The  body  very  generally  exhib- 
its an  endoplast  and  a  contractile  vacuole.  There  is  no  per- 
manently open  oral  aperture,  but  there  is  an  oral  region,  into 
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which  the  food  is  forced,  and,  passing  into  the  endosarc,  re- 
mains for  some  time  surrounded  by  a  globule  of  contemJ)o- 
raneously  ingested  water — a  so-called  "  food- vacuole."  Prof. 
H.  James  Clark,  who  has  recently  carefully  studied  the  Fla- 
geUata,  points  out  that,  in  Bicosceca  and  Codonoeca,  a  fixed 
monadiform  body  is  inclosed  within  a  structureless  and  trans- 
parent calyx.  In  Codosiga  a  similar  transparent  substance 
rises  up  round  the  base  of  the  fiagellum,  like  a  collar.  In 
Salpingoeca  the  collar  around  the  base  of  the  flagellum  is 
combined  with  a  calycine  investment  for  the  whole  animal. 
In  Anthophysa^  there  are  two  motor  organs — the  one  a  stout 
and  comparatively  stiff  flagellum,  which  moves  by  occasional 
jerks,  and  the  other  a  very  delicate  cilium,  which  is  in  con- 
stant vibratory  motion. 

The  discrepancy  between  the  two  kinds  of  locomotive 
organs  attains  its  maximum  in  Aniaonemay  which  presents 
interesting  points  of  resemblance  to  NoctUuca. 

Multiplication  by  longitudinal  fission  was  observed  in 
Codoaiga  and  Anthophyaa^  and  probably  occurs  in  the  other 
genera.  In  Codoaiga  the  flagellum  is  retracted  before  fission 
takes  place,  but  the  body  does  not  become  encysted  ;  in  An- 
thophyaa  the  body  assumes  a  spheroidal  form,  and  is  sur- 
rounded by  a  structureless  cyst,  before  division  occurs. 

Conjugation  has  not  been  directly  observed  among  most 
of  the  Infuaoria  flageUata^  nor  do  any  of  them  exhibit  a 
structure  analogous  to  the  endoplastule  of  the  Ciliata, 

Messrs.  Dallinger  and  Drysdale  have  recently  worked  out 
the  life-history  of  several  flagellate  "  Monads,"  which  occur 
in  putrefying  infusions  of  fish.  They  show  that  these  Jtla- 
geUata  not  only  present  various  modes  of  agamic  multiplica- 
tion by  fission,  preceded  or  not  by  encystment,  but  that  they 
conjugate,  and  that  the  compound  bod}'  which  results  (the 
equivalent  of  the  zygospore  in  plants)  becomes  encysted. 
Sooner  or  later,  the  contents  of  the  cyst  become  divided 
either  into  comparatively  large  or  excessively  minute  bod- 
ies, which  enlarge  and  gradually  take  on  the  form  of  the 
parent. 

The  careful  investigations  of  these  authors  lead  them  to 
conclude  that,  while  the  adult  forms  are  destroyed  at  from 
61°-80°  C,  the  excessively  minute  sporules  which  have  been 
mentioned,  and  which  may  have  a  diameter  of  less  than 
g  ft  ft^(^  ^  ^  of  an  inch,  may  be  heated  to  148°  C.  without  the 
destruction  of  their  vitality. 

In  JSuglena  viridia  (which,  however,  may  be  a  plant), 
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Stein  *  has  observed  a  division  of  the  "  nucleus  "  to  take  place, 
whereby  it  becomes  converted  into  separate  masses,  some  of 
which  acquire  an  ovate  or  fusiform  shape,  surrounding  them- 
selves with  a  dense  coat,  while  others  become  thin-walled 
sacs,  full  of  minute  granules,  each  of  which  is  provided  with 
a  single  cilium.  The  ultimate  fate  of  these  bodies  has  not 
been  traced. 

A  careful  study  of  the  singular  genus  JSToctiluca  led  me, 
in  1855,  to  assign  it  a  place  among  the  Jnfu8oria,  and  recent 
investigations  have  conclusively  proved  that  it  is  one  of  the 
Magellata, 

The  spheroidal  body  of  Nbctiluca  miliaris  (Fig.  8)  is 
about  one-eightieth  of  an  inch  in  diameter,  and,  like  a  peach, 
presents  a  meridional  groove,  at  one  end  of  which  the  mouth 
is  situated.  A  long  and  slender,  transversely  striated  ten- 
tacle overhangs  the  mouth,  on  one  side  of  which  a  hard- 
toothed  ridge  projects.  Close  to  one  end  of  this  is  a  vibratile 
cilium.  A  funnel-shaped  depression  leads  into  a  central 
mass  of  protoplasm,  connected  by  fine  radiating  bands  with 
a  layer  of  the  same  substance  which  lines  the  cuticular  enve- 
lope of  the  body.  There  is  no  contractile  vacuole,  but  an 
oval  endoplast  lies  in  the  central  protoplasm.  Bodies  which 
are  ingested  are  lodged  in  vacuoles  of  the  latter  until  they 
are  digested. 

According  to  the  observations  of  Cienkowsky,*  if  a  Nbo- 
tUuca  be  injured,  the  body  bursts  and  collapses,  but  the  pro- 
toplasmic and  other  contents,  together  with  the  tentacle,  form 
an  irregular  mass,  the  periphery  of  which  eventually  becomes 
vacuolated,  enlarges,  and  secretes  a  new  investment.  But 
even  a  small  portion  of  the  protoplasm  of  a  mutilated  Nocti- 
luca  is  able  to  become  a  perfect  animal.  Under  some  condi- 
tions, the  tentacle  of  a  Nbctiluca  may  be  retracted  into  the 
body,  and,  at  all  times  of  the  year,  spheroidal  N^octilucce^ 
devoid  of  flagellum,  tooth,  or  meridional  groove,  but  other- 
wise normal,  are  to  be  found.  These  last  are  probably  to  be 
regarded  as  encysted  forms.  Multiplication  may  take  place 
in  at  least  two  ways.  Fission  may  occur  in  the  spheroidal 
forms,  as  well  as  in  those  possessed  of  a  tentacle ;  it  is  in- 
augurated by  the  enlargement,  constriction,  and  division,  of 
the  endoplast.  This  process  takes  place  more  especially  in 
the  latter  part  of  the  year. 

»  "  Oi^anismus  der  Inftisionsthiere."  ii.,  56. 

'  *'  tJeber  Noctlluca  miliaria.''  (Scnulze'B  "  Archiv  f&r  mikroskop.    Anato- 
mie,"  1872.) 
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Another  mode  of  a  sexual  muUiplicatioo,  which  has  a  sin- 
ilar  resemblaDce  to  the  process  of  partial  yelk  diviaion, 


Fie.   B.—lf/icaiMa  mlUaTii.—e,  gaetric  vacDole;  g,  ndiating  fllameuta:  /,  anal 
Bjwrtnre  ((). 

occurs  only  in  the  spheroidal  JVoctiluoce.  The  endoplast  dis- 
appears, and  the  protoplasm,  accumulating  on  the  inner  side 
of  one  region  of  the  cuticle,  divides  first  into  two,  then  four, 
eight,  sixteen,  thirty-two,  or  more  masses  ;  the  division  of  the 
protoplasm  being  accompanied  by  the  elevation  of  the  cuticle 
into  protuberances,  which,  at  first,  correspond  in  number  and 
dimensions  with  these  division  masees.  When  the  division 
masses  have  become  very  numerous,  each  protrudes  upon  the 
surface,  and  is  converted  into  a  free  monadiform  germ,  pro- 
vided with  an  endoplast,  a  beak,  and  a  long  tentacle,  which 
is  hardly  to  be  distinguished  from  a  fiagelliform  cilium. 

The  process  of  conjugation  has  been  directly  observed. 
Two  Nbctiluc(B,  applying  themselves  by  their  oral  surfaces, 
adhere  closely  together,  and  a  bridge  of  protoplasm  connect- 
ing the  endoplasts  of  the  two  becomes  apparent.  The  ten- 
tacula  are  thrown  off,  the  two  bodies  gradually  coalesce,  and 
the  endoplasts  fuse  into'cne.  The  whole  process  occupies 
five  or  six  hours.  Spheroidal  or  encysted  NbctiluccB  may 
conjugate  iri  a  similar  manner.  In  this  case,  the  regions 
nearest  the  endoplasts  are  those  which  become  applied  to- 
gether. Whether  this  process  is  of  a  sexual  nature,  or  not, 
is  not  clearly  made  out.     Cienkowsky  admits  that  it  may 
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hasten  the  process  of  multiplication  by  monadiform  germs 
described  above. 

Nbctiluca  is  extremely  abundant  in  the  superficial  waters 
of  the  ocean,  and  is  one  of  the  most  usual  causes  of  the  phos- 
phorescence of  the  sea.  The  light  is  given  out  by  the  pe- 
ripheral layer  of  protoplasm  which  lines  the  cuticle. 

The  PeridlnecB  {see  Fig.  1,  f)  form  another  aberrant 
group  of  the  Flagellata^  which  lead  to  the  Ciliata.  The 
body  is  inclosed  in  a  hard  case  (sometimes  produced  into 
rays),  which,  at  one  part,  presents  a  groove-like  interruption, 
laying  bare  the  contained  protoplasm,  in  which  lies  an  endo- 
plast,  and  in  some  cases  a  contractile  vacuole.  One  or  more 
flagelliform  cilia,  and  usually  a  wreath  of  short  cilia,  are  pro- 
truded from  the  protoplasm,  and  serve  as  locomotive  organs. 
The  mouth  is  a  depression,  whence,  in  some  cases,  an  oeso- 
phageal canal  is  continued  and  terminates  abruptly  in  tlie 
semi-fluid  central  substance  of  the  body,  the  food-particles 
being  lodged  in  vacuoles  formed  at  its  extremity,  as  in  the 
Clliata.  No  other  mode  of  multiplication  than  that  by  fission 
has  yet  been  observed  in  the  PeridineoB  ;  but  this  fission  is 
sometimes  preceded  by  the  inclosure  of  the  aniraial  in  an 
elongated,  crescent-shaped  cyst. 

(^)  The  Tbntaculifera.. — The  Acinetce  (Fig.  9,  D,  £J^ 
IT,  G)  have  no  oral  aperture  of  the  ordinary  kind,  but  filiform 
processes  or  tentacula,  which  are  usually  slender,  simple,  and 
more  or  less  rigid,  radiate  from  the  surface  cf  the  body  gen- 
erally, or  from  one  or  more  regions  of  that  surface.  At  first 
sight,  these  tentacula  resemble  the  radiating  pseudopodia  of 
Actinophry8y  but,  on  closer  inspection,  they  are  seen  to  have 
a  diflPerent  character.  Each,  in  fact,  is  a  delicate  tube,  pre- 
senting a  structureless  external  wall,  with  a  semi-fluid  granu- 
lar axis,  and  usually  ends  in  a  slight  enlargement  or  knob.  It 
may  be  slowly  pushed  out  or  retracted,  or  diversely  bent. 
But,  instead  of  playing  the  part  of  mere  prehensile  organs, 
these  tentacles  act,  in  addition,  as  suckers;  the  Acineta  ap- 
plying one  or  more  of  these  organs  to  the  body  of  its  prey  ' — 

*i?^^?  ^"P®r  ^''gaii^mus  der  Infusionsthiere,"  i.,  76)  thus  describes  the 
method  by  which  an  Aemeta  seizes  its  prey:  "If  an  Infusorium  swims  within 
peacn  ot  the  AeMieta^  the  nearest  tentacles  are  swiftly  thrown  toward  it,  and,  at 
the  same  fame,  often  become  much  elongated,  bent,  or  irregulariy  twisted  about. 
•It  ^^""{if®  ends  of  these  tentacles,  which  come  into  immediate  contact 
with  thesurface  of  the  entangled  prey,  spread  out  into  disks,  and  adhere  fixedly 
to  It.  When  many  of  the  tentacles  have  thus  attached  themselves,  the  im- 
prisoned animal  IS  no  longer  able  to  escape,  its  movements  become  slower,  and 
at  length  cease.  Those  tentacles  which  have  fixed  themselves  most  firmly 
shorten  and  thicken,  and  draw  the  prey  nearer  to  the  body.  .  .  .  Suddeilly,  as 
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usually  Bome  other  species  of  Infiisorium — when  the  substance 
of  the  latter  travels  along  the  iaterior  of  the  sucker  ioto  the 


ns.  9.—^,  ToHieOa,  tctiie ;  B,  C,  eacjttei ;  D,B,F.  S,  Adniilt  (after  Stein). 

body  of  the  Aeineta.  Solid  food  is  not  ingested  through  these 
ten^cles,  so  ihat  the  AcinetCB  cannot  be  fed  with  indigo  or 
carmine.  In  the  interior  of  the  body  there  is  an  endoplast  * 
with  one  or  more  contractile  vacuoles,  and  it  may  be  either 
fixed  by  a  stalk  or  free. 

The  Acinetm  multiply  by  several  methods.  One  of  these 
is  simple  longitudinal  fission,  which  appears  to  be  rare  among 
them.  Another  method  consists  in  the  development  of  ciliated 
embryos  in  the  interior  of  the  body.  These  embryos  result 
from  a  separation  of  a  portion  of  the  endoplast,  and  its  con- 

BOOD  SB  the  Bnc1di])t  diak  itaa  bar«d  throuffh  the  cuticola  of  the  prey,  s  very 
rapid  Btr«uD,  indicated  hy  the  fatty  pHrticlea  which  it  carries,  eele  uons  the 
Rxis  of  tlie  tantttclo,  and,  at  its  base,  poura  into  the  r.fighhoring  part  M  the 
body  of  the  Acin/ta.  .  .  .  The  cause  of  the  movement  Is  unhnown.  It  a  doI 
accomDnnied  bv  any  diBceroible  movement  of  the  walls  of  the  tentacle." 

'  No  endoplasttile,  such  as  exists  in  other  Infutoria,  haa  been  observed  as 
it  in  the  Aciieta.     Under  some.drcamatances.  ths  Aeimla  draw  in  their 


In  Acinda  mpelaeina  and  B/dophryiifiia,  a  psouliar  mode  of  multiplication 
bv  diviMon  oocura.  At  the  free  end  of  the  bodv  a  portion  becomes  constricted 
off,  toicether  with  part  of  the  endoplast,  from  the  rem^nintr  stalked  part.  The 
tentacula  are  drawn  in,  and  the  seement  becoming  elongated,  develops  cili« 
over  its  whole  surface  and  swims  away. 
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version  into  a  globular  or  oval  germ,  which,  in  some  species, 
is  wholly  covered  with  vibratile  cilia,  while,  in  others,  the  cilia 
are  confined  to  a  zone  around  the  middle  of  the  embryo. 
The  germ  makes  its  escape  by  bursting  through  the  body-wall 
of  its  parent.  After  a  short  existence  (sometimes  limited  to 
a  few  minutes)  in  the  condition  of  a  free-swimming  animal- 
cule, provided  with  an  endoplast  and  a  contractile  vacuole, 
but  devoid  of  a  mouth,  the  characteristic  knobbed  radiating 
processes  make  their  appearance,  the  cilia  vanish,  and  the  ani- 
mal passes  into  the  Acineta  state. 

The  AcinetCB  have  frequently  been  observed  to  conju- 
gate, the  separate  individuals  becoming  completely  fused  into 
one  and  their  endoplasts  coalescing  into  the  single  endoplast 
of  the  resultant  Acineta  /  but  it  is  not  certainly  made  out 
whether  this  process  has,  or  has  not,  anything  to  do  with  the 
process  of  the  development  of  ciliated  embryos  just  described. 

(c,)'  The  Ciliata. — The  characteristic  feature  of  the  Ciliata 
is,  that  the  outer  surface  of  the  body  is  provided  with  numer- 
ous vibratile  cilia,  which  are  the  organs  of  prehension  and  loco- 
motion. According  to  the  distribution  of  the  cilia,  Stein  has 
divided  them  into  the  Holotricha^  in  which  the  cilia  are  scat- 
tered over  the  whole  body,  and  are  of  one  kind  ;  the  Hetero- 
tricha^  in  which  the  widely-diffused  cilia  are  of  different  kinds, 
some  larger  and  some  smaller  ;  the  Ilypotricha^  in  which  the 
cilia  are  confined  to  the  under  or  oral  side  of  the  body;  and  the 
JPeritricha,  in  which  they  form  a  zone  round  the  body.  The 
gfeat  majority  of  these  animals  are  asymmetrical. 

In  the  simplest  and  smallest  CUiatcf,  the  body  resembles 
that  of  one  of  the  Flagellata  in  being  differentiated  merely 
into  an  ectosarc  and  endosarc,  with  an  endoplast  and  a  con- 
tractile vacuole.  In  most,  if  not  all  cases,  however,  there 
is  not  only  stn  oral  region,  through  which  the  ingestion  of 
food  takes  place,  but  an  oesophageal  depression  leads  from 
this  into  the  endosarc  ;  and  it  may  be  doubted  whether,  e^en 
in  the  simplest  Ciliata,  there  is  not  an  anal  area  through 
whirh  the  undigested  parts  of  the  food  are  thrown  oi^t. 

The  genus  Golpoda,  which  is  very  common  in  infusions  of 
hay,  is  a  good  example  of  this  low  form  of  ciliated  Infuso- 
rium. It  has  somewhat  the  form  of  a  bean  flattened  on  one 
side,  and  moves  actively  about  by  means  of  numerous  cilia, 
the  longest  of  which  are  situated  at  the  interior  end  of  the 
bodv.  At  the  posterior  end  is  the  contractile  vacuole,  while 
a  large  endoplast  lies  in  the  middle,  as  Stein  originally  dis- 
covered.    Colpodm  frequently  become  quiescent,  retract  theu: 
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cilia,  and  surround  themselves  with  a  structureless  cyst.  Each 
encysted  Golpoda  then  divides  into  two,  four,  or  more  por- 
tions, which  assume  the  adult  form  and  escape  from  the  cysts 
to  resume  an  active  existence. 

Allman  has  described  the  encvstment  of  a  Vorticellidan, 
followed  by  division  of  the  nucleus  mto  many  germs,  with- 
out any  antecedent  process  of  conjugation  ;  and  Everts  has 
observed  that  the  progeny  of  an  encysted  VbrticeUa  take  on 
the  form  of  Trichodina  grandinella.  The  TrichodincB  mul- 
tiply by  transverse    divisions,  and   then  grow  into    Vorti- 

Encystment,  whether  followed  or  not  by  division,  is  very 
common  among  all  the  Ciliata^  and  a  species  of  Amphilep- 
tus  has  been  seen  to  swallow — or  rather  envelop — a  stalked 
bell-animalcule  (  VbrticeUa)^  and  then  become  encysted  upon 
the  stalk  of  its  prey,  just  as  Vampyrella  becomes  perched 
upon  the  stalk  of  the  devoured  Oomphonema, 

In  the  higher  Ciliata^  the  protoplasm  of  the  body  becomes 
directly  differentiated  into  various  structures,  in  the  same 
way  as  has  already  been  seen  to  be  the  case  in  Gregarina 
gigantea^  but  to  a  much  greater  degree. 

Thus,  in^the  Peritricha^  of  which  the  bell-animalcules,  or 
VorticelloB  (Fig.  9,  ^,  j5,  (7),  are  the  commonest  examples, 
the  oral  region  presents  a  depression,  the  vestibule  (Fig.  9,  a) 
from  which  a  permanent  oesophageal  canal  leads  into  the  soft 
and  semi-fluid  endosarc,  where  it  terminates  abruptly;  and 
immediately  beneath  the  mouth,  in  the  vestibule,  there  is  an 
anal  region  which  gives  exit  to  the  refuse  of  digestion,  but 
presents  an  opening  only  when  fecal  matters  are  passing 
out.  Except  where  the  ciliated  circlet,  or  rather  spiral,  is 
situated,  the  outer  wall  of  the  body  gives  rise  to  a  relatively 
dense  cuticula^  and  not  unfrequently  secretes  a  transparent 
cup  or  case,  foreshadowing  the  theca  of  hydrozoal  polyps. 
Moreover,  in  the  permanently  fixed  VbrticeUce,  the  stalk  of 
attachment  may  present  a  central  muscular  fibre  (Fig.  9,/), 
by  the  sudden  contraction  of  which  the  body  is  retracted, 
the  stalk  being  at  the  same  time  thrown  into  a  spiral.  In 
the  holotrichous  Paramcecium  (Fig.  10)  beneath  the  thin  su- 
perficial transparent  cuticle  from  which  the  cilia  proceed, 
there  is  a  very  distinct  cortical  layer,  fibrillated  in  a  direc- 
tion perpendicular  to  the  surface,  and,  in  some  species  of  this 
or  other  genera,  as  Stromhidium  and  Polykricos  (Biitschli), 
beset  with  minute  rod-like  bodies  similarly  disposed,  which, 

Allman,  **  Presidential  Address  to  the  Linnsean  Society,"  1875. 
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under  some  circumstances,  shoot   out  into  long   filaments, 
and  liave  been  termed  trichocysU.    In  P.  bursaria,  minute 


1.  (he  nDlmsl  Tlewed  liota  tht  doraat 


a^tood ;  *,  chloropfiyl  grsnu 


it.  tbe  animal  viewed  [Toiu  the  Teairar  ride :  a,  depresBlon  leading  to   b,  tnoath ; 

e,Kiillet;  d,  endoplaBt;  d',  endoplutnle ;  «.  ceniisl  pruioplHSDi.    In  both  Uisae 

flgareg  ihe  arrows  Indicste  tbe  direction  of  the  circnlMliMi. 
O,  Paramaeiam  dWidine  truiBTenljr ;  o  a',  coutracUle  spaces ;  b  b,  endoplaat  dirid- 

Ing ;  e  &,  endoplutoleB. 

green  granules  of  ehlorophyl  are  dispersed  tlirougli  this  layer, 
and  Cohu  demonstrated,  in  1851,  that  these  yield  the  same 
reactions  as  the  ehlorophyl  grains  of  the  Algse.  In  Baktnti- 
dium,  Nyctotkerus,  Spirostomum,  and  many  others,  the  cor- 
tical layer  is  divided  by  linear  markings  into  bands,  which 
there  is  reason  to  believe  are  rudimentary  muscular  fibres. 

In  many  Ciliala,  the  endoaarc  appenra  to  be  almost  fluid. 
The  food,  which  is  driven  into  the  mouth  and  down  tlie  cesoph- 
agus  by  the  constant  action  of  the  cilia,  actjumulates  at  the 
bottom  of  the  oesophagus ;  and  then,  with  the  water  which 
surrounds  it,  is  passed,  at  intervals,  with  a  sort  of  jerk,  into 
the  endosarc,  where  it  lies  close  to  the  end  of  the  cesophagus, 
as  a  food-vacuole,  for  a  short  time.  But  it  soon  begins  to 
move,  and,  along  with  other  such  vacuoles  formed  before  and 
after  it,  circulates  in  a  delinite  course  up  one  side  of  the  body 
and  down  the  other,  between  the  cortical  layer  and  the  endo- 
plast.  This  movement  is  particularly  free  and  unrestricted  in 
Salantidium  ;  in  ParamKcium.,  the  tract  through  which  the 
food-vacuoles  move  is  more  definitely  limited,'  while  in  N'yc- 
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totherua  it  appears  to  be  confined  to  a  part  of  the  body  be- 
tween the  end  of  the  gullet  and  the  anal  region,  which  in 
this  Infusorium  is  seated  at  one  end  of  the  body.  In.  fact,  the 
finely  granular  endosarc  of  Nyctotfierua  so  limits  the  passage 
of  the  food-vacuoles  that  the  tract  along  which  they  pass 
might  properly  be  described  as  a  rudimentary  intestinal  canal. 

The  oral  cavity  is  usually  ciliated  :  sometimes,  as  in  Chilo- 
don,  it  has  a  chitinous  armature,  which  becomes  somewhat 
complicated  in  £rvilia  (Dydteria^)  and  the  Didinium  de- 
scribed by  Balbiani. 

TorquateUa  (Lankester)  has  a  plicated  membrane  around 
the  mouth  in  the  place  of  cilia. 

The  contractile  vacuoles  attain  their  greatest  complexity 
in  the  Paramo&cia,  in  which  there  are  two — one  toward  each 
end  of  the  body.  They  are  lodged  in  the  cortical  layer,  and, 
in  diastole,  a  portion  of  their  outer  periphery  is  bounded  only 
by  the  cuticle,  through  which  it  is  very  probable  that  they 
communicate  with  the  exterior.  When  the  systole  takes 
place,  a  number  of  fine  canals,  which  radiate  from  each  vac- 
uole, are  seen  to  become  distended  with  clear,  watery  fiuid. 
These  canals  are  constant  in  their  position,  and  seme  of  • 
them  may  be  traced  nearly  as  far  as  the  mouth  ;  so  that  the 
canals  and  vacuoles  form  a  permanent  water-vascular  system. 
The  endoplast  is  finely  granular,  like  the  substance  of  the 
endosarc.  It  is  frequently  said  to  be  enveloped  in  a  distinct 
membrane,  but  I  am  disposed  to  think  that  this  is  always  a 
product  of  reagents.  Attached  to  one  part  of  it  there  is  very 
generally  (but  not  in  the  Vbrticellce)  a  small  oval  or  rounded 
body,  the  so-called  "nucleolus"  or  endoplastule.  The  endo- 
plast is  commonly  said  to  be  imbededd  in  the  cortical  layer, 
but  this  is  certainly  not  the  case  in  Colpoda,  Paramcecium^ 
Salantidium,  or  Nyctotherus. 

The  outermost,  or  cuticular,  layer  of  a  large  portion  of  the 
body  becomes  hardened  and  forms  a  sort  of  shell,  in  many  of 
the  free  Infusoria.  In  the  free  marine  Dictyocystida  and 
Codonellida  of  Haeckel,  the  body  has  a  bell-shaped  enve- 
lope, which  in  the  Dictyocystida  (see  Fig.  1)  is  strengthened 
by  a  siliceous  skeleton  like  that  of  a  Radiolarian.  In  both 
genera  the  circular  lip  which  surrounds  the  oral  end  is  pro- 
vided with  numerous  long  flagelliform  cilia.* 

Most  of  the  Ciliata,  while  in  full  activity,  multiply  by  di- 

*  Huxley,  **  On  Dysteria."  ( Quarterly  Joum<il  of  Mcrosoopical  Science,  1867.) 
'Haeokel,  ^^Zur  Morphologie  der  Inj^sorien,"  1873. 
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vision  ;  this  is  generally  effected  by  the  formation  of  a  more 
or  less  transverse  constriction,  whereby  the  body  becomes 
divided  into  two  parts,  which  separate,  each  developing  those 
structures  which  are  needed  for  its  completion.  The  endo- 
plast,  however,  always  elongates  and  divides,  one  portion 
going  along  with  each  product  of  fission.  Neither  budding 
nor  longitudinal  fission  occurs  among  the  free  Infusora^  the 
appearances  which  have  been  regarded  as  evidence  of  these 
processes  being  due  to  the  opposite  operation  of  conjugation. 
M.  Balbiani,*  its  discoverer,  thus  describes  the  process  of  conju- 
gation in  Paramcecium  hursaria : 

"  The  Paramoeeia  assemble  in  great  numbers  either  tow- 
ard the  bottom  or  on  the  sides  of  the  vessel  in  whidi  they 
are  contained.  They  then  conjugate  in  pairs,  their  anterior 
ends  being  closely  united  ;  and  they  remain  in  this  state  for 
five  or  six  days  or  more.  During  this  period  the  nucleus  and 
nucleolus  become  transformed  into  sexual  organs. 

"The  nucleolus  is  changed  into  an  oval  capsule,  marked 
superficially  by  longitudinal  striae.  Sooner  or  later,  it  usually 
becomes  divided  into  two  or  four  portions,  which  grow  inde- 
pendently, and  form  many  separate  capsules.  About  the  time 
of  separation,  each  of  these  is  found  to  be  a  capsule  containing 
a  bundle  of  curved  rods  (bagiceUes)^  enlarged  in  the  middle, 
and  thinner  at  the  ends. 

"  The  nucleus  also  becomes  enlarged,  and  gives  rise — ^in  a 
manner  not  clearly  explained — to  small  spherical  bodies  anal- 
ogous to  ovules. 

•  "It  is  usually  about  the  fifth  or  sixth  day  after  conjuga- 
tion that  the  first  germs  appear,  as  little  rounded  bodies  formed 
of  a  membrane  which  is  rendered  visible  by  acetic  acid,  and 
of  grayish  pale  homogeneous  or  almost  imperceptibly  granu- 
lar contents,  in  which,  as  yet,  neither  nucleus  nor  contractile 
vacuole  is  distinguishable.  It  is  only  later  that  these  organs 
appear.  The  observations  of  Stein  and  of  F.  Cohn  have 
shown  how  these  embryos  leave  the  body  of  the  mother  un- 
der the  form  of  Acinetce,  provided  with  knobbed  tentacles  and 
true  suckers,  by  means  of  which  they  remain  for  some  time 
adherent  to  her,  and  nourish  themselves  from  her  substance. 
But  their  investigations  have  not  disclosed  the  ultimate  fate 
of  the  young. 

"  I  have  been  able  to  follow  them  for  a  long  period  after 

» Balbiani,   "  Note  relative  k  PExistence  d'une  G^n^ration  Sexuelle  ohez 
lea  Infiujoires."    (Journal  de  la  FhyHologie^  tome  i.,  1868.)  :    ; 
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their  detachment  from  the  maternal  organism  ;  and  I  have 
been  able  to  assure  myself  that,  after  having  lost  their  ten- 
tacles, becoming  clothed  with  vibratile  cilia,  and  acquiring  a 
mouth,  which  makes  its  appearance  as  a  longitudinal  groove, 
they  return  definitely  to  the  parental  form,  developing  in 
their  interior  the  green  granules  which  are  characteristic  of 
this  Pararncecium^  without  undergoing  any  more  extensive 
metamorphosis." 

In  Figs.  19-22  of  Plate  IV.,  which  accompanies  his  paper, 
Balbiani  figures  all  the  stages  by  which  the  acinetiform  em- 
bryo becomes  a  Paramcecium. 

So  far  as  the  fact  of  conjugation,  the  changes  in  the  ^^  nu- 
cleolus,'' and  the  development  of  filaments  in  it,  with  the 
subsequent  detachment,  by  division,  of  masses  from  the  ^^  nu- 
cleus," are  concerned,  these  statements  have  not  been  modi- 
fied by  M.  Balbiani,  while  they  are  fully  confirmed  by  the  ob- 
servations made  by  himself,  Glaparede  and  Lachmann,  Stein, 
KoUiker,  and  others,  in  Paramcechim  bursariay  P.  aurelia^ 
and  other  ciliated  Infusoria. 

In  the  closely  allied  Param<»cium  aurelia^  the  occurrence 
of  the  various  stages  of  conjugation,  conversion  of  the  "  nu- 
cleolus "  into  bundles  of  spermatozoa,  and  subsequent  division 
of  the  "  nucleus,"  is  also  established  by  the  coincident  testi- 
mony of  Balbiani  and  Stein.  Balbiani  affirms  that,  in  this  spe- 
cies, the  clear  globular  bodies  which  result  from  the  division 
of  the  "  nucleus  "  pass  out  of  the  body  without  undergoing 
any  further  modification,  and  he  considers  them  to  be  ovules. 
Stein  also  admits  that  he  has  never  seen  acinetiform  embryos 
in  this  species. 

But,  as  it  would  seem,  on  the  strength  of  these  negative 
observations  in  Paramoeduni  aurelia^  Balbiani,  in  his  later 
publications,  asserts  that  the  "  acinetiform  embryos  "  observed 
not  only  in  Paramcecium^  but  in  Stylonychia^  Stentor^  and 
many  other  ciliated  Infusoria^  are  not  embryos  at  all,  but 
parasitic  Acinetoe  ;  and  he  makes  this  assertion  without  ex- 
plicitly withdrawing  the  statement  given  above  of  his  own  ob- 
servation of  the  passage  of  the  acinetiform  embryo  of  Para- 
moecium  bursaria  into  the  parental  form.  Engelmann  and 
Stein,  on  the  other  hand,  hold  by  Balbiani's  original  doctrine, 
and  give  strong  reasons  for  so  doing.  Among  the  most  for- 
cible analogical  arguments  are  those  afforded  by  the  process  of 
sexual  reproduction  observed  by  Stein  in  the  peritrichous  Jn- 
Jttsoria. 

I^  the  Peritricha  ( VorticeUidoB^  Ophrydidce^  Trichodidce) 
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conjugation  takes  place  by  the  complete  and  permanent 
fusion  of  two  individuals,  which  are  sometimes  of  equal 
dimensions ;  though,  in  other  cases,  one  is  much  smaller  than 
the  other,  and,  while  it  is  in  course  of  absorption,  looks  like  a 
bud,  and  was  formerly  taken  for  such  (Fig.  9,  -4,  g^  A).  The 
small  individuals  usually  take  their  origin  from  a  group  of 
small  stalked  Vorticellm^  which  are  produced  by  the  repeat- 
ed longitudinal  division  pf  a  VorticelXa  of  the  ordinary  size. 
The  result  of  the  conjugative  act  is  that  the  "  nuclei "  of  the 
two  individuals,  either  before  or  after  their  coalescence, 
break  up  into  a  number  of  segments.  The  segments  may 
remain  separate,  or  coalesce  into  a  single  mass,  called  by 
Stein />/acen^a.  In  the  former  case,  some  of  the  segments 
become  germ-masses,  while  the  others  reunite  to  form  a  new 
"  nucleus  ; "  in  the  latter,  the  placenta  throws  out  a  number 
of  germ-masses,  and  then  assumes  the  form  of  an  ordinary 
*'  nucleus."  The  germ-masses  give  off  portions  of  their  sub- 
stance,'including  part  of  their  "  nucleus,"  and  these  become 
converted  into  ciliated  embryos,  which  escape  by  a  special 
opening.  Knobbed  tentacles,  like  those  of  the  AcinetCB^ 
have  not  been  observed  in  the  embryos  of  the  JPeritricha^ 
nor  has  their  development  been  traced  out. 

If  the  bodies  regarded  as  acinetiform  embryos  of  the 
Ciliata  are  really  such,  they  may  be  taken  to  represent  the 
myxopod  stage  of  the  Catallacta,  and  the  relations  of  the 
AcinitcB  to  the  Ciliata  would  appear  to  be  that  they  are 
modifications  of  a  common  type,  differing  from  the  Catal- 
lacta  in  having  tentacula  instead  of  ordinary  pseudopodia. 
In  the  AcinetOB^  the  tentaculate  stage  is  the  more  permanent, 
the  ciliated  stage  transitory  ;  while,  in  the  Ciliata^  the  cili- 
ated stage  is  the  more  permanent,  and  the  tentaculate  stage 
transitory. 


CHAPTER  III. 

THE  POBIFBRA  AN*D  THE  CCELENTERATA, 

1.  Thb  Pobifera  OB  Spongida. — It  has  been  seen  that, 
in  the  Protozoa^  the  germ  undergoes  no  process  of  division 
analogous  to  the  "  yelk  division  "  of  the  higher  animals,  and 
to  the  corresponding  process  by  which  the  embryo  cell  of 
every  plant  but  the  very  lowest  becomes  converted^  into  a 
cellular  embryo.  Consequently,  there  is  no  blastoderm  ;  the 
body  of  the  adult  ProtozoOn  is  not  resolvable  into  morpho- 
logical units,  or  cells,  more  or  less  modified  ;  and  the  aliment- 
ary cavity,  when  it  exists,  has  no  special  lining.  Moreover, 
the  occurrence  of  sexual  reproduction  in  most  of  the  Froto- 
zoa  is  doubtful,  and  there  is,  at  present,  no  evidence  of  the 
existence  of  male  elements,  in  the  form  of  filamentous  sper- 
matozoa, in  any  group  but  the  Infusoria  ;  and  even  here  the 
real  nature  of  these  bodies  is  still  a  matter  of  doubt 

In  all  the  Metazoa^  the  germ  has  the  form  of  a  nucleated 
cell.  The  first  step  in  the  process  of  development  is  the 
production  of  a  blastoderm  by  the  subdivision  of  that  cell, 
and  the  cells  of  the  blastoderm  give  rise  to  the  histological 
elements  of  the  adult  body.  With  the  exception  of  certain 
parasites,  and  the  extremely  modified  males  of  a  few-  species, 
all  these  animals  possess  a  permanent  alimentary  cavity, 
lined  by  a  special  layer  of  cells.  Sexual  reproduction  always 
occurs  ;  and,  very  generally,  though  by  no  means  invariably, 
the  male  element  has  the  form  of  filiform  spermatozoa. 

The  lowest  term  in  the  series  of  the  Metazoa  is  un- 
doubtedly represented  by  the  Porlfera  or  Sponges,  which, 
after  oscillating  between  the  vegetable  and  the  animal  king- 
doms, have,  in  recent  times,  been  recognized  as  animals  by 
all  who  have  sufficiently  studied  their  structure  and  the 
manner  in  which  their  functions  are  performed. 

But  the  place  in  the  Animal  Kingdom  which  is  to  be  as- 
signed to  the  sponges  has  been,  and  still  is,  a  matter  of  de- 
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bate.  It  is  certain  that  an  ordinary  sponge  is  made  up  of  an 
aggregation  of  corpuscles,  some  of  which  have  all  the  charac- 
ters of  AmoebcB^  while  others  are  no  less  similar  to  Monads  ; 
and  therefore,  taking  adult  structure  only  into  account,  the 
comparison  of  a  sponge  to  a  sort  of  compound  Protozodn  is 
perfectly  admissible,  and,  in  the  absence  of  other  evidence, 
would  justify  the  location  of  the  sponges  among  the  I^otozoa, 

But,  within  the  last  few  years,  the  development  of  the 
sponges  has  been  carefully  investigated ;  and,  as  in  so  many 
other  cases,  a  knowledge  of  that  process  necessitates  a  recon- 
sideration of  the  views  suggested  by  adult  structure. 

The  impregnated  ovum  undergoes  regular  division ;  a  blas- 
toderm is  formed,  consisting  of  two  layers  of  cells — an  epiblast 
and  a  hypoblast — and  the  young  animal  has  the  form  of  a 
deep  cup,  the  wall  of  which  is  composed  of  two  layers,  an  ec- 
toderm and  an  endoderm^  which  proceed  respectively  from  the 
epiblast  and  hypoblast.  The  embryo  sponge  is,  in  fact,  simi- 
lar to  the  corresponding  stage  of  a  hydrozoOn,  and  is  totally 
unlike  any  known  condition  of  a  protozoOn. 

Beyond  this  early  stage,  however,  the  sponge-embryo 
takes  a  line  of  its  own,  and  its  subsequent  condition  differs 
altogether  from  anything  known  among  the  Codenterata  y  all 
of  which,  on  the  other  hand,  present  close  and  intimate  resem- 
blances in  their  future  development,  as  in  their  adult  structure. 

It  is  not  long  since  the  only  sponge  of  the  structure  and 
development  of  which  we  were  accurately  informed  was  the 
Spongilla  fluviatilis^  or  fresh-water  sponge,  the  subject  of  the 
elaborate  researches  of  Lieberkllhn  and  Carter.  But,  recently, 
a  flood  of  light  has  been  thrown  upon  the  morphology  and  phys- 
iology of  the  marine  sponges,  particularly  of  those  sponges 
with  calcareous  skeletons,  which  are  termed  GalcispongicBy 
by  Lieberkllhn,  Oscar  Schmidt,  and  especially  Haeckel.  It 
has  become  clear  that  SpongiUa  is  a  somewhat  aberrant 
form,  and  that  the  fundamental  type  of  Poriferal  organization 
is  to  be  sought  among  the  Calcispongim.  In  the  least  com- 
plicated of  the  calcareous  sponges,  the  body  has  the  form  of 
a  cup,  and  is  attached  by  its  closed  extremity.  The  open  ex- 
tremity is  the  osculum^  and  leads  directly  into  the  spacious 
ventrieulus^  or  cavity  of  the  cup.  The  comparatively  thin 
wall  of  the  cup  is  composed  of  two  layers,  readily  distinguish- 
able by  their  structure — the  outer  is  the  ectoderm^  the  in- 
ner the  endoderm.  The  ectoderm  is  a  transparent,  slightly 
granular,  gelatinous  mass  in  which  the  nuclei  are  scattered,  but 
which,  in  the  unaltered  state,  shows  no  trace  of  the  primitive 
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distinctness  of  the  cells  which  contain  these  nuclei,  and  is 
therefore  termed  by  Haeckel  a  syncytium.  It  is  elastic  and 
contractile,  and  sometimes  exhibits  an  approach  to  fibrillation. 

The  endoderm,  on  the  contrary,  is  composed  of  a  layer 
of  very  distinct  cells,  each  of  which  contains  a  nucleus  and 
one  or  more  contractile  vacuoles,  and  is  produced  at  its  free 
extremity  into  a  long  solitary  cilium  or  flagellum.  Around 
the  base  of  this,  the  transparent  outer  portion  of  the  proto- 
plasm of  the  cell  is  produced  into  an  upstanding  ridge  like  a 
collar,  so  that  each  cell  has  a  wonderful  resemblance  to  some 
forms  of  flagellate  Infusoria.  Microscopic  apertures — the 
pores — ^scattered  over  the  outer  surface  of  the  cup,  lead  into 
short  passages  which  perforate  the  ectoderm  and  endoderm, 
and  thus  place  the  ventriculus  in  communication  with  the  ex- 
terior. The  working  of  the  flagella  of  the  endodermic  cells 
causes  the  water  contained  in  the  gastric  cavity  to  flow  out 
of  the  osculum  ;  to  make  good  this  outflow,  minute  streams 
set  in  by  the  pores,  which  have  consequently  been  called  in- 
halentj  while  the  osculum  has  been  termed  the  exhalent  aper- 
ture. It  is  said,  however,  that  the  direction  of  these  currents 
is  not  invariable;  and  it  is  certain  that  the  pores  are  not 
constant,  but  that  they  may  be  temporarily  or  permanently 
closed,  and  new  ones  formed  in  other  positions. 

The  skeleton  of  the  calcareous  sponges  always  consists  of 
a  multitude  of  separate  spicula,  composed  of  an  animal  sub- 
stance, more  or  less  strongly  impregnated  with  carbonate  of 
lime,  which  is  deposited  in  concentric  layers  around  a  central 
axis,  formed  by  the  animal  basis.  This  skeleton  is  devel- 
oped exclusively  in  the  ectoderm,  and  is  not  supported  by 
any  framework  of  fibrous  animal  matter. 

The  calcareous  sponges  are  frequently,  if  not  always, 
hermaphrodite.  The  reproductive  elements  are  ova  and 
spermatozoa.  There  is  some  reason  for  assuming  that  the 
latter  originate  in  metamorphosed  cells  of  the  endoderm,  as 
they  are  found  scattered  between  ordinary  cells  of  the  latter. 
The  ova,  on  the  other  hand,  occur  sometimes  between  the 
cells  of  the  endoderm,  sometimes  imbedded  in  the  syncytium 
itself.  But  the  question  of  the  origin  of  the  sexual  elements 
in  these  and  other  animals  needs  much  further  investigation. 
The  spermatozoa  are  very  delicate,  and  have  minute,  rod-like 
heads,  with  long  flagella.  The  ova  present  the  normal  ger- 
minal vesicle  and  spot,  but  exhibit  active  amoeboid  move- 
ments. 

Impregnation  is  effeotedi  and  the  first  stages  of  develop- 
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ment  take  place,  wHile  the  ova  are  still  imbedded  in  the  body 
of  the  sponge. 

Metschnikoff  ^  has  recently  described  the  development  of 
Sycon  4iiUatum,  The  ovum,  after  impregnation,  becomes  a 
morula,  with  a  central  cleavage  cavity  or  blaatoccele.  But 
the  blastomeres  of  the  two  halves  of  the  morula  take  on  dif- 
ferent characters — ^those  of  the  one  half  elongating  and 
acquiring  flagelliform  cilia,  while  those  of  the  opposite  half 
remain  globular  and  develop  no  cilia.  The  latter  now  coa- 
lesce into  a  syncytium,  and  develope  spicula,  while  the  layer 
of  ciliated  cells  becomes  invaginated  within  the  syncytium. 
More  usuaUy,  however,  it  appears  that  a  gastrula  is  formed 
by  invagination  of  the  morula,  the  ectoderm  of  which  has  the 
structure  of  the  endoderm  of  the  adult,  while  the  cells  of  the 
endoderm,  or  lining  membrane  of  the  gastric  cavity,  are  de*- 
void  of  cilia.  The  embryo  quits  the  parent,  propelled  by  the 
flagelliform  cilia  which  cover  the  outer  surface  of  the  ecto- 
derm. After  a  time,  it  fixes  itself  by  the  closed  end ;  the 
flagella  of  the  cells  of  the  ectoderm  are  retracted,  the  cells 
themselves  become  flattened  and  coalesce  so  completely  that 
their  boundaries  cease  to  be  distinguishable,  and  the  ectoderm 
passes  into  the  condition  of  a  syncytium.  At  the  same  time, 
the  cells  of  the  endoderm  multiply,  elongate,  and  take  on  the 
form  which  characterizes  them  in  the  adult.  In  this  state 
the  young  sponge  is  termed  an  Ascula,  The  transition  to 
the  final  condition  is  effected  by  the  development  of  the  spic- 
ula in  the  syncytium  and  the  separation  of  some  of  the  con- 
stituent cells  of  the  syncytium  to  form  the  inhalent  pores. 

In  the  simplest  CcUeispongice^  forming  the  family  to 
which  Haeckel  applies  the  name  of  Ascones^  the  wall  of  the 
ventriculus  is  thin,  and  the  pores  open  directly  into  the  ven- 
tricular cavity  ;  but  in  another  family,  the  iJeucones,  the  syn- 
cytium becomes  greatly  thickened,  and  the  pores  are  conse- 
quently prolonged  into  canals  (which  may  be  ramified  and 
anastomose),  connecting  the  ventriculus  with  the  exterior. 
The  endodermic  cells,  which  in  these,  as  in  the  Ascones,  at 
first  form  a  continuous  layer,  are  eventually  restricted  to  the 

»  "  Zar  Entwickelungs-ffesohichte  der  EalkschwSmme.'*  (  Zeitschr^/ur 
wissensehaftUche  Zoologie^  Bd.  xxiv.)  F.  E.  Sohulze,  «o  far  as  I  follow  iJae- 
okel's  account  of  his  recent  observationa  ("  Die  Gastrula  und  die  Eifurchung 
der  Thiere,'*  p.  158),  aj^rees  with  Metschnikoflf  as  to  the  first  staples  of  develop- 
ment, but  differs  in  regard  to  subsequent  stages.  Haeckel  withdraws  his  ear- 
lier account  of  the  formation  of  the  gastrula  by  delamination,  or  splitting  of  the 
walls  of  an  oval  shutjP^nt<2a-sao  into  two  layers,  and  the  subsequent  opening 
of  thB-planula  at  one  end. 
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canals,  or  even  to  local  dilatations  of  these  canals — the  so- 
called  "ciliated  chambers." 

The  same  relative  disproportion  of  the  ectoderm,  with  the 
consequent  development  of  passages  which  traverse  the  mass 
of  the  sponge,  and  are  provided  at  intervals  with  ciliated 
chambers,  is  found  in  the  silicious  sponges,  in  which  the 
spicula,  if  they  possess  any,  are  formed  by  a  deposit  of  silex  ; 
and  in  which,  as  a  rule,  the  sponge-corpuscles  are  supported 
by  a  more  or  less  complete  skeleton  of  a  tough  animal  sub- 
stance, termed  keratose. 

Halisarca^  however,  is  devoid  both  of  skeleton  and  spicula, 
and  the  minute  structure  of  the  curious  boring-sponges — ^the 
VlioncB — has  yet  to  be  elucidated. 

Haliphysema  and  Oastrophysema^  of  Haeckel,  appear  to 
be  sponges  which  get  no  further  than  the  Oastrula  condi- 
tion, and  thus  form  a  connecting  link  between  the  Sponges 
and  the  Hydrozoa. 

The  fresh-water  sponge  {Spongilla)  has  been  studied  with 
extreme  care  by  Lieberkiihn,  and  the  following  account, 
based  upon  the  investigations  of  that  author,  is  given  for  the 
use  of  the  student  to  whom  ^ongilla  flumalis  is  likely  to 
be  the  most  readily  accessible  of  the  sponges. 

The  fresh-water  sponge  grows  on  the  banks  of  docks, 
canals,  rivers,  and  on  floating  timber,  in  the  form  of  thick 
incrusting  masses,  which  usually  have  a  green  color,  and 
require  a  constant  supply  of  fresh  water  for  their  healthy 
maintenance.  The  surface  presents  irregular  conical  emi- 
nences perforated  at  their  summit  like  small  volcanic  craters, 
and  from  these  exhalent  funnels,  which  answer  to  the  oacula 
of  the  Calcispongice^  currents  of  the  water  are  continually 
flowing.  Careful  examination  of  the  surface  of  the  Spongilla 
between  the  exhalent  craters,  shows  that  it  is  formed  by  a 
delicate  membranous  expansion,  separating  which  from  the 
deeper  substance  of  the  Spongilla  are  a  number  of  irregular 
cavities.  In  some  cases,  these  run  into  one  great  water- 
chamber.  The  superficial  chambers  (or  chamber)  communi- 
cate with  the  exterior  by  pores,  which  perforate  the  mem- 
branous expansion,  are  similar  to  those  in  the  outer  surface  of 
the  ventricular  wall  of  a  simple  calcareous  sponge,  and  sub- 
serve the  same  inhalent  function.  On  their  inner  face,  or 
floor,  the  superficial  chambers  exhibit  the  apertures  of  in- 
numerable canals,  which  traverse  the  deep  substance  of  the 
Spongilla  in  all  directions,  and,  sooner  or  later,  unite  into 
passages  which  lead  directly  into  the  cavities  of  the  exhalent 
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craters.  Dilatations  of  the  canals  occur  at  intervals,  and  are 
lined  by  the  characteristic  monadiform  endodermic  cells, 
which  are  restricted  to  the  walls  of  these  ciliated  chambers. 
It  is  by  the  working  of  the  cilia  of  these  cells  that  currents 
of  water  are  made  continually  to  enter  by  the  inhalent  pores 
and  to  pass  out  by  the  exhalent  craters.  The  whole  fabric 
is  supported  and  strengthened  by  a  skeleton,  which  consists, 
in  the  first  place,  of  bands  and  filaments  of  keratose,  and, 
secondly,  of  silicious  spicula,  the  majority  of  which  resemble 
needles  pointed  at  each  end,  and  contain  a  fine  central  canal 
filled  with  an  unsilicified  substance.  The  individuality  of 
these  animals  is  so  little  marked  that  two  Spongilke^  when 
brought  into  contact,  before  long  fuse  into  one;  while  they  may 
divide  spontaneously,  or  be  separated  artificially  into  different 
portions  each  of  which  will  maintain  an  independent  existence. 

A  process  analogous  to  the  formation  of  cysts,  which  is  so 
common  among  the  Protozoa^  takes  place  in  the  deeper  sub- 
stance of  the  body,  especially  in  the  autumn.  A  number  of 
adjacent  sponge-corpuscles,  losing  their  granular  appearance, 
become  filled  with  clear,  strongly  refracting  granules,  the  nu- 
cleus ceasing  to  be  visible.  The  sponge-corpuscles  which 
surround  these  become  closely  applied  together,  and  secrete 
coats  of  keratose,  which  fuse  with  those  of  the  adjacent  cor- 
puscles. In  the  interior  of  each  a  singular  silicious  spiculum 
is  formed,  consisting  of  two  toothed  disks,  like  cogged  wheels, 
united  by  an  axis.  As  this  "  amphidiscua  "  enlarges,  the  proto- 
plasm of  the  corpuscle  disappears,  and  at  length  nothing  is  left 
but  the  envelope  of  keratose,  with  the  imbedded  amphidisks, 
disposed  perpendicularly  to  its  surface.  At  one  point  of  the 
spheroidal  envelope  a  small  opening  is  left,  and  the  so-called 
"  seed  "  of  the  Spongilla  is  complete.  It  remains  throughout 
the  winter  unchanged ;  but,  with  the  return  of  warmth,  the 
sponge-corpuscles  inclosed  within  the  coat  of  the  "  seed,"  or 
more  properly  cyst,  slowly  escape  through  the  pore,  become 
perforated  with  inhalent  and  exhalent  apertures  and  canals,  and 
develop  the  characteristic  spicula  of  a  young  Spongilla., 

This  process  of  encystment,  which  may  be  regarded  as  a 
kind  of  buddin^:,  akin  to  propagation  by  bulbs  among  plants, 
has  not  been  observed  among  marine  sponges. 

Sexual  propagation  takes  place  in  the  same  way  as  in  the 
Gcdcispongioe^  and  the  embryo  passes  through  morula  and 
planula  stages.  But  the  ciliated  cells  which  form  the  outer 
wall  of  the  latter,  and  constitute  its  locomotive  apparatus, 
seem  to  vanish  when  the  embryo  fixes  itself,  and  the  body  of 
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the  young  JPtbrospongia  appears  to  be  developed  out  of  the 
inner  cells,  which,  in  the  mean  while,  have  become  spiculiger- 
ous.  However,  the  details  of  the  mode  of  development  of  the 
FibroapongicB  require  further  elucidation. 

In  both  the  marine  and  fresh- water  sponges  the  ingestion 
of  solid  matters — such  as  carmine  and  indigo— by  the  mo- 
nadiform  endodermic  cells  has  been  seen  by  several  observ- 
ers. According  to  Haeckel,  the  solid  particles,  which  usually 
are  taken  in  between  the  flagellum  and  the  collar,  may  also  be 
ingested  at  other  parts  of  the  surface  of  the  endodermic  cell. 
In  the  course  of  such  experiments,  also,  granules  of  the  pig- 
ment may  be  found  in  the  ectoderm,  but,  whether  they  enter 
it  directly  or  secondarily  from  the  endoderm,  is  unknown. 
Sponges  absorb  oxygen,  and  give  off  carbonic  acid  with  great 
rapidity  ;  and  the  manner  in  which  they  render  the  water  in 
which  they  live  impure,  and  injurious  to  other  organisms,  sug- 
gests the  elimination  of  nitrogenous  waste  matter. 

The  syncytium  may  contract  as  a  whole,  and  is  liable  to 
local  contractions,  as  when  the  oscula  or  the  pores  shut  or 
open.  The  contours  of  the  cells  of  which  it  is  composed  are 
invisible  in  the  fresh  state,  and  hence  it  appears  as  a  mere 
"  sarcode "  or  transparent  gelatinous  contractile  substance, 
in  which  nuclei  and  granules  are  imbedded  here  and  there. 
But  LieberkUhn  has  shown  that,  when  the  water  in  which 
Spongilla  lives  is  heated  to  the  point  at  which  thermic  coagu- 
lation of  the  protoplasm  of  the  cells  occurs,  their  boundaries 
at  once  become  defined,  and  the  cells  commonly  detach  them- 
selves from  one  another.  The  sj^ncytium  is  therefore  formed 
by  the  close  union,  and  not  by  the  actual  fusion,  of  the  cells 
of  the  body. 

It  is  a  very  interesting  fact  that  thread-cells,  similar  to 
those  which  are  so  abundant  in  the  Coelenterata^  are  said  to 
occur  in  some  sponges.  Eimer*  finds  these  structures  in 
species  of  the  JRenierince.  The  thread-cells  are  scattered 
through  both  endoderm  and  ectoderm,  and  abound  on  the 
free  surface  of  the  former,  where  it  limits  the  canals  of  the 
sponge,  but  do  not  occur  on  the  outer  surface  of  the  ectoderm. 
The  same  observer  states  that  he  found  partly  digested  re- 
mains of  small  crustaceans  in  the  ventricular  cavities  and 
passages  of  both  silicious  and  calcareous  sponges. 

The  Porifera  present  three  principal  modifications — the 
MyxospongicB^  the  Calcispongice^  and  the  Fihrospongioe — the 

1 "  Nesseizellen  und  Saamen  bei  See-Schw&mmen."    {Arehio  fvr  Mihro* 
tkovitchs  AfuUomie,  viii.,  1872.) 
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Myxospongice  being  altogether  devoid  of  skeleton ;  the  CaZ- 
cispongicB  possessing  calcareous  spicula,  but  no  fibrous  keni- 
tose  skeleton ;  and  the  Fibrospongice  having  a  fibrous  skele- 
ton, and  (usually)  spicula  of  a  silicious  nature.  To  these  it  is 
probable  that  the  Clionidoe  must  be  added,  as  a  fourth  type, 
devoid  of  a  fibrous  skeleton,  but  possessing  silicious  spicula 
of  a  very  peculiar  kind,  by  the  help  of  which  they  are  able 
to  burrow  parasitically  in  the  shells  of  moUusks.  Finally, 
Hcdiphysema  and  Gastrophysema  appear  to  be  even  simpler 
than  the  Myxospongioe, 

The  division  of  the  MyxospongicB  contains  only  the  ge- 
latinous Halisarca.  The  Calcispongice^  in  addition  to  the  two 
families  of  Aacones  and  Leucones^  already  referred  to,  include 
a  third — the  Sycones,  which  are  essentially  composite  As- 
cones.  The  I^brospongice  present  a  great  diversity  of  form 
and  structure.  They  may  have  the  form  of  flattened  or  glob- 
ular masses,  arborescent,  tree-like  growths,  flagellate  expan- 
sions, or  wide  or  deep  cups.  The  sponge  of  commerce  de- 
rives its  value  from  the  fact  that  its  richly-developed  fibrous 
skeleton  is  devoid  of  spicula.  On  the  other  hand,  in  such 
sponges  as  JETyalonema  and  JEuplectella^  the  silicious  spicula 
attain  a  marvelous  development  and  complexitj^  of  arrange- 
ment. In  the  latter  genus,  they  form  a  fibrous  network  with 
regular  polygonal  meshes.  These  appear  to  be  the  repre- 
sentatives of  the  VentriculiteSy  which  were  so  common  in 
the  seas  of  the  Cretaceous  epoch. 

Sponges  abound  in  the  waters  of  all  seas,  but  SpongiUa 
is  the  sole  fresh- water  form.  Clionidoe  existed  in  the  Silu- 
rian epoch,  but  the  most  plentiful  remains  of  sponges  have 
been  yielded  by  the  chalk. 

The  C(elenterata. — ^This  group  of  the  Metazoa  contains 
those  animals  which  are  commonly  known  as  Polyps,  Jelly- 
fishes,  or  Medusae^  Sea-anemones,  and  Corals.  They  exhibit 
two  well-marked  series  of  modifications,  termed  the  JBydrozoa 
and  the  Actinozoa. 

The  Hydrozoa. — The  fundamental  element  in  the  struct- 
ure of  this  group  is  the  Sydranth^  or  Polypite,  This  is  es- 
sentially a  sac  having  at  one  end  an  ingestive  or  oral  open- 
ing, which  leads  into  a  digestive  cavity.  The  wall  of  the  sac 
is  composed  of  two  cellular  membranes,  the  outer  of  which  is 
termed  the  ectoderm^  and  the  inner  the  endoderm,  the  former 
having  the  morphological  value  of  the  epidermis  of  the  higher 


Pis.  IS^A.  HjpolheticBl  aectlonof  ■  SpoagiUa:  a.  enperflcnir  layer;  b.  tnhaleBt 
■pertnres :  C  cilitled  chiuDlwn  :  d.  aa  exIulaDt  KMrKirs ;  t,  dseper  enhstaoce 
of  the  BDonge,  ThenrrowslDdlcalethedlrsctlonof  thacnrrenlB.  B.  h»Tia.\\3tKin- 
-an — 1...  ^  gingja  exhale  nt  aparinre.  eeeu  mjm  »bova  (after  LlebBrMhn) :  a.  In- 
o _    _,«.._ I  _i — ,.___.    J    eihalent  apertnre.     0.  A  ciliated 
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anicnale,  and  the  latter  that  of  the  epithelium  of  the  alimeat- 
ary  caaal.*     Between  these  two  layers,  a  third  layer — the 


b.  Bndodsn 
P.  Tenlsclee.    N.  Neeloialyi. 

HvdriiiiUi.    G  Gonophore.    A.    Alr-Veaicle  c 

DfgestiTe  and  somattc  caTlty. 
I^  IT.,  III.,  IV,,  lepreieDt  ina  sacceasiTe  sULgta  of  de>«lopmt 


mesoderm — which  represents  the  structures  which  lie  between 

'  "The  body  of  eveir  HfdrozoOD  ia  esBentially  b  esc  oompoeed  of  two  mero- 
bniDfs,  an  external  &nd  an  internal,  whicb  have  been  conveniently  denomi- 
Q&ted  bv  the  tenna  ictoderm  and  eniUdfrm.  Thfl  cavitv  of  the  sac,  whioh  will 
be  called  the  tomatie  eavitg,  contuna  a  fluid,  chs[g«d  nith  outriUve  matCar  in 
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the  epidermis  and  the  epithelium  in  more  complex  aoimals, 
maj  be  developed,  and  sometimes  attains  a  great  thickness, 

solution,  and  sometimeR,  if  not  always,  with  suspended  solid  particles,  which 
perform  the  functions  of  the  blood  in  animals  of  nigher  organization,  and  m&j 
be  termed  the  wmaticjlmd,  •  .  .  Notwithstanding  the  extreme  variety  of  form 
exhibited  by  the  Hydrozoa,  and  the  multiplicity  and  complexity  of  the  organs 
which  some  of  them  possess,  they  never  lose  the  traces  of  this  primitive  sim- 
plicity of  organization ;  and  it  is  but  rarely  that  it  is  even  disguised  to  any  con- 
siderable extent.  .  .  .  This  important  and  obvious  structural  peculiarity  could 
hardly  escape  notice,  and  I  find  it  to  have  been  observed  by  Trembley,  Baker 
and  Laurent,  Corda  and  Ecker  in  Hydra  ;  by  Bathke,  in  Corvne  ;  by  I'rey  and 
Leuckart,  in  Lucemaria ;  and  it  is  given  as  a  character  of  the  h  vdroid  po- 
lyps in  general  {HydrcB^  OorvnidaSy  and  ISertularidcB\  in  the  second  edition  of 
Cuvier's  *  Lemons.*  I  pointea  it  out  as  the  general  law  of  structure  of  the  hy- 
droid  polyps,  Dvphyda  and  JPh^sophoridcB.  in  a  paper  ^  sent  to  the  Linnsean  So- 
ciety, from  Australia,  in  1847,  but  not  read  before  that  body  till  January,  1849 ; 
and  I  extended  the  generalization  to  the  whole  of  the  Bydrozoa,  in  a  *  Memoir 
on  the  Anatomy  and  Afiinities  of  the  MeduscB,^  read  before  the  Boyal  Society 
in  June,  1849. 

**  Prof.  Allman,  in  his  valuable  memoir  *  On  Cordylophora '  ('Philosophical 
Transactions,'  1855),  has  adopted  and  confirmed  this  morphological  law,  intro- 
ducing the  convenient  terms  '^ ectoderm  '  and  ^  endoderm,'  to  denote  the  inner 
and  outer  membranes;  and  Oegenbaur  ('Beitrage  zur  nuheren  Eenntniss  der 
Schwlmmpolypen ;  1854,  p.  42)  has  partially  noticed  its  exemplification  in 
Apoletnda  and  Bhieophysa:  but  it  seems  singularly  enough  to  have  failed  to 
attract  the  attention  of  other  excellent  German  observers,  to  whose  late  im- 
portation investigations  I  shall  so  often  have  occasion  to  advert.  The  pecu- 
liarity in  the  structure  of  the  body  walls  of  the  Hydrozoa^  to  which  I  have  just 
referred,  possesses  a  singular  interest  in  its  bearing  upon  the  tiiith  (for,  with 
due  limitation,  it  is  a  great  truth)  that  there  is  a  certain  similarity  between  the 
adult  states  or  the  lower  animals  and  the  embryonic  conditions  of  those  of 
higher  organization. 

"  For  It  is  well  known  that,  in  a  very  early  state,  the  germ,  even  of  the 
highest  animals,  is  a  more  or  less  complete  sac,  whose  tnin  wall  is  divisible  into 
two  membranes,  an  inner  and  an  outer ;  the  latter  turned  toward  the  external 
world ;  the  former,  in  relation  with  the  nutritive  liquid,  the  yelk.  The  inner 
layer,  as  Bemak  has  more  particularly  shown,  undergoes  but  little  histological 
change,  and  throughout  life  remains  more  particularly  devoted  to  the  functions 
of  alimentation,  while  the  outer  gives  rise,  by  manifold  differentiations  of  its 
tissue,  to  those  complex  structures  which  we  know  as  integument,  bones,  mus- 
cles, nerves,  and  sensory  apparatus,  and  which  especially  subserve  the  func- 
tions of  relation.  At  the  same  time,  the  various  organs  are  produced  by  a  process 
of  budding  from  one  or  other,  or  both,  of  these  primary  layers  of  the  germ. 

**  Just  so  in  the  Hydrozo5n :  the  ectoderm  gives  rise  to  the  hard  tegument- 
ary  tissues,  to  the  more  important  masses  of  muscular  fibres,  and  to  those 
organs  which  we  have  every  reason  to  believe  are  sensory,  while  the  endoderm 
undergoes  but  very  little  modification.  And  every  organ  of  a  HydrozoCn  is 
produced  by  budding  from  one,  or  other,  or  both,  of  these  primitive  membranes  ; 
the  ordinary  case  being  that  the  new  part  commences  its  existence  as  a  papillary 
process  of  both  membranes,  including,  of  course,  a  diverticulum  of  the  somatio 

cavity.  J  1   TT  J 

"  Thus  there  is  a  very  real  and  genuine  analogy  between  the  adult  Hydro- 
zo6n  and  the  embryonic  vertebrate  animal ;  but  T  need  hardly  say  it  by  no 
means  justifies  the  assumption  that  the  Hydrozoa  are  in  £^  sense  *  arrested 
developments '  of  higher  organisms.    All  that  can  justly  be  affirmed  is,  that  the 

1 "  ObBervationa  upon  the  Anatomvof  the  Diphydse  and  the  Unity  of  Organiza- 
tion of  the  Dlphydse  and  PhyBophoridflB."  An  abf>tract  of  this  essay  was  puolished 
in  the  "  Prooeed&gs  of  the  LinnflBan  Society ''  for  1849. 
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but  it  is  a  secondary  and,  in  the  lower  Hydr&zoa^  inconspicu- 
ous production. 

All  the  Hydrozoa  are  provided  with  tentaciUa'  These 
are  elongated  and  sometimes  filiform  organs  of  prehension, 
which  are  generally  diverticula  of  both  ectoderm  and  endo- 
derm,  but  may  be  outgrowths  of  only  one  of  them. 

Thread-cells,  or  nematocysts,  are  very  generally  distributed 
through  the  tissues  of  the  Voelenterata,  In  its  most  perfect 
form,  a  nematocyst  is  an  elastic,  thick-walled  sac,  coiled  up  in 
the  interior  of  which  is  a  long  filament,  often  serrated  or  pro- 
vided with  spines.  The  filament  is  hollow,  and  is  continuous 
with  the  wall  of  the  sac  at  its  thicker  or  basal  end,  while  its 
other  pointed  end  is  free.     Very  slight  pressure  causes  the 


fiQt.  14  — Sacculas  or  a  tentacle  with  nematocysts  of  Athoryifia:  A,  pedunclo  or 
stalk,  and  B,  involacrum  of  the  saccalus  C\  2?,  fllaments ;  rf,  ectoderm ;  «,  endo- 
derm ;  /,  nematocjsts ;  1,  small  nematocysts  of  the  fllaments  and  Involucram ; 
2,  3,  larger  nematocysts  of  the  sac ;  4,  largest  nematocysts. 

thread  to  be  swiftly  protruded,  apparently  by  a  process  of 
evagination,  and  the  nematocyst  now  appears  as  an  empty 

HydrozoSn  travels  for  a  certain  distance  along  the  same  great  highway  of  de- 
velopment as  the  higher  animal,  before  it  turns  off  to  follow  the  road  which 
leads  to  its  special  destination." 

In  this  passage  of  my  work  on  the  "  Oceanic  Hydrozoa  "  (1859),  I  expanded 
the  idea  enunciated  in  tne  memoir  on  the  Medusae  here  referred  to,  that ''  the 
outer  and  inner  membranes  appear  to  bear  the  same  physiological  relation  to 
one  another  as  do  the  serous  and  mucous  layers  of  the  germ."  The  diagram 
(Fig.  13),  exhibiting  the  relations  of  the  different  groups  of  the  Hydrozoa,  was 
published  in  the  laical  Times  and  Gazetti  in  June,  1856. 
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sac,  to  one  end  of  which  a  long  filament,  often  provided  with 
two  or  three  spines  near  its  base,  is  attached.  Many  of  the 
Coelenterctta^  and  notably  the  Physcdiaj  give  rise  to  violent 
urtication  when  their  tentacles  come  in  contact  with  the  hu- 
man skin,  whence  it  may  be  concluded  that  the  nematocysts 
produce  a  like  injurious  effect  upon  the  bodies  of  those  ani- 
mals which  are  seized  and  swallowed  by  the  Polyps  and  Jelly- 
fishes. 

As  regards  the  existence  of  a  nervous  system  in  the  Sy^ 
drozoay  very  diverse  opinions  have  been  entertained,  and  it 
may  be  doubted  if  the  problem  has  even  yet  received  its  final 
solution.  I  have  already  discussed  Kleinenberg's  suggestion 
that  the  branched  prolongations  of  the  inner  ends  of  the  cells 
of  the  ectoderm  in  Hydra^  which  end  in  the  longitudinal  fibres 
which  lie  between  the  ectoderm  and  the  endoderm,  may  be 
nerves  in  their  earliest  stage  of  differentiation.  Haeckel  de- 
scribes a  nervous  system  in  Glossocodon  and  Carmarina.  It 
consists  of  a  circular  band  which  lies  on  the  inner  side  of  the 
circular  canal  of  the  bell-shaped  swimming-organ  of  these 
Medusm^  and  presents  a  ganglionic  enlargement  at  the  base  of 
each  of  the  lithocysts.  Of  these  eight  ganglia,  the  four  which 
correspond  to  the  openings  of  the  four  radial  canals  into  the 
circular  canal  are  the  larger.  Each  of  these  gives  off  four 
branches,  one  of  which  follows  the  course  of  the  radial  canal 
to  the  central  poly  pile  or  manubrium  ;  two  others  go  to  the 
adjacent  tentacles,  and  the  last  to  the  lithocyst.* 

There  can  be  little  doubt  that  the  lithocysts^  or  sacs  con- 
taining mineral  particles,  which  are  so  frequently  found  in  the 
MedussB,  are  of  the  nature  of  auditory  organs  ;  while  the  mass- 
es of  pigment,  with  imbedded  refracting  bodies,  which  often 
occur  associated  with  the  lithocysts,  are  doubtless  rudimentary 
eyes. 

The  sexual  reproductive  elements  are  ova  and  spermato- 
zoa— ^the  ova  being  very  often  devoid  of  a  vitelline  membrane. 
The  fully-formed  generative  elements  lie  between  the  ecto- 
derm and  the  endoderm  of  that  part  of  the  body-wall  in  which 
they  make  their  appearance.  In  Hydractinia^  as  has  already 
been  pointed  out,  the  ova  appear  to  be  modified  cells  of  the 
endoderm,  and  spermatozoa  modified  cells  of  the  ectoderm; 

>Ha6okel,  "Beitrftge  rar  Naturgeschichte  der  Hydromedusen."  The  ana- 
tomical dispositioti  of  this  nervous  apparatus  accords  very  well  with  the  recent 
important  observations  of  Mr.  Bomanes  on  the  "  Locomotor  System  of  Medu- 
88B."    (**  Proceedings  of  the  Boyal  Society,"  December,  1875.) 
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but  it  remains  to  be  seen  how  far  this  rule  is  of  general  appli- 
cation. 

Usually  the  region  of  the  body  in  which  the  generative 
organs  are  produced  undergoes  a  special  modification  before 
the  reproductive  elements  make  their  appearance  in  it,  giving 
rise  to  a  peculiar  organ,  the  gonophore.  In  its  simplest  con- 
dition the  gonophore  is  a  mere  sac-like  diverticulum,  or  out- 
ward process  of  the  body-wall.  But,  from  this  state,  the 
gonophore  presents  every  degree  of  complication,  until  it  ac- 
quires the  form  of  a  bell-shaped  body  called  from  its  resem- 
blance to  a  Medusa  or  jelly-fash  a  medusoid,^ 

In  its  most  complete  form,  the  medusoid  consists  of  a  disk 
having  the  form  of  a  shallow  or  deep  cup  (nectocl^x),  from  the 
centre  of  the  concavity  of  which  projects  a  sac  termed  the  mri' 
nuhrium.  The  cavity  of  the  sac  is  continued  into  that  of 
sundry  symmetrically  disposed  canals,  most  commonly  four  in 
number,  which  radiate  from  the  centre  of  the  disk  to  its  cir- 
cumference, where  they  open  into  a  circular  marginal  canal. 
A  membranous  fold,  the  velum^  which  contains  muscular  fibres 
arranged  concentrically  to  its  free  margin,  is  attached  to 
the  inner  circumference  of  the  mouth  of  the  bell,  and  pro- 
jects, like  a  shelf,  into  its  interior.  Lithocysts  are  usually 
developed  on  the  margins  of  the  bell,  which  may  also  give 
rise  to  tentacles.  The  manubrium,  opening  at  its  free  end, 
may  become  functionally,  as  well  as  structurally,  a  hydranth, 
and  may  serve  to  feed  the  medusoid  when  it  is  detached  from 
the  h^drosomn,  or  body  of  the  hydrozoOn.  However  com- 
plex its  structure  may  be,  the  medusoid  commences  as  a  sim- 
ple bud-like  outgrowth,  which  thickens  at  its  free  end ;  the 
central  part  of  this  thickening  becomes  the  manubrium, 
while  its  periphery,  splitting  away  from  the  manubrium,  is 
converted  into  the  disk  (Fig.  13).  A  single  prolongation  of 
the  somatic  cavity  is  continued  into  the  manubrium,  while 
several,  usually  four,  symmetrically  arranged  diverticula  ex- 
tend into  the  nectocalyx  and  become  its  radiating  canals. 
The  distal  ends  of  these  subsequently  throw  out  lateral 
branches,  which  unite  and  give  rise  to  the  circular  canal. 

The  lithocysts  are  usually,  but  not  always,  free  and  promi- 

1  From  the  imperfection  of  our  knowledge  respecting  the  origin  of  many 
of  the  medusiform  Hvdrozoa^  it  is  difficult  to  employ  any  terminology  with 
strict  consistency.  If  "medusoid"  is  restricted  to  what  are  known  to  be 
gonophores  developed  by  gemmation,  "  medusa  '*  may  be  employed,  in  a  gen- 
eral sense,  as  the  equivalent  of  the  somewhat  inconvenient  vernacular  term 
"  jelly-fish." 
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nent,  and  the  one  or  many  solid  mineral  bodies  which  they 
contain  are  inclosed  in  special  envelopes.  Their  structure 
appears  to  be  more  complicated  in  the  GeryonidcB  than  in 
other  Medusae.     (Haeckel,  loc,  cit,) 

In  some  of  those  medusoid  gonophores,  the  reproductive 
elements  are  developed  while  the  gonophore  is  still  attached 
to  the  hydrosoma,  and  then  they  always  make  their  appear- 
ance in  the  wall  of  the  manubrium.  But,  in  other  cases,  the 
medusoid  becomes  detached  before  the  development  of  the 
reproductive  elements,  and,  feeding  itself,  increases  largely 
in  size  before  the  ova  or  spermatozoa  appear.  Sooner  or 
later,  however,  the  reproductive  organs  are  developed,  either 
in  the  walls  of  the  manubrial  hydranth,  or  in  those  of  the 
canals  of  the  nectocalyx  of  the  medusoid. 

In  an  early  stage  oi  its  existence,  every  hydrozotJn  is 
represented  by  a  single  hydranth,  but,  in  the  great  majority 
of  the  Sydrozoa^  new  hydranths  are  developed  from  that 
first  formed,  by  a  process  of  gemmation  or  of  fission.  In 
the  former  case  the  bud  is  almost  always  an  outgrowth  or 
diverticulum  of  the  ectoderm  and  endoderm,  into  which  a 
prolongation  of  the  cavity  of  the  body  extends.  Sometimes 
the  hydranth  formed  by  gemmation  becomes  detached  from 
the  body ;  but,  in  many  cases,  the  buds  developed  from  the 
primary  hydranth  remain  connected  together  by  a  common 
stem  or  ccenosarc^  and  thus  give  rise  to  a  compound  body,  or 
hydrosoma. 

In  many  JSydrozoa^  the  ectoderm  gives  rise  to  a  hard  cu- 
ticular  coating,  and  in  some  of  these  XCampanularidce^  8er- 
tularidce,  Fig,  13,  2),  this  cuticular  investment,  on  the  hy- 
dranth, takes  the  shape  of  a  case  or  "  cell " — the  hydrotheca 
— ^into  which  the  hydranth  may  be  more  or  less  completely 
retracted.  In  other  Hydrozoa^  protective  coverings  are  af- 
forded to  the  hydranths  by  the  development  of  processes  of 
the  body-wall,  which  become  thick,  variously-shaped,  glassy 
lamellae.  These  appendages  are  termed  hydrophyllia  (Fig. 
13,3). 

Again,  certain  groups  (the  Calycophoridm  and  most  Phy* 
aophoridce)  are  provided  with  bell-shaped  organs  of  propul- 
sion, produced  by  the  metamorphosis  of  lateral  buds  of  the 
hydrosoma.  These  nectocalyces  have  the  structure  of  a  med- 
usoid, devoid  of  a  manubrium.  In  others  (Physophoridce), 
one  extremity  of  the  hydrosoma  is  dilated,  contains  air  in- 
closed within  a  sac  formed  by  an  involution  of  the  ectoderm, 
and  constitutes  a  float  or  pneumatophore  /  while  in  yet  others 
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(DUcophord)  the  aboral  end  of  the  hydranth  is  dilated  into 
a  disk  or  umbrella^  which  is  susceptible  of  rhythmical  con- 
tractile movements,  by  which  the  body  is  propelled  through 
the  water.  Thus,  notwithstanding  its  different  mode  of  de- 
velopment, it  has  a  close  resemblance  to  a  medusoid.  Ac- 
cording to  the  existence  or  absence  of  these  various  append- 
ages, and  the  manner  in  which  they  are  disposed,  the  Sy- 
drozoa  are  distinguishable  into  three  groups — 1,  the  Hydro- 
phora ;  2,  the  Discophora  ;  3,  the  Siphonophora, 

1.  The  Htdbophoba  are,  in  all  cases  but  that  of  Hydra^ 
fixed  ramified  hydrosomes,  on  which  many  hydranths  and 
gonophores  are  developed. "  The  somatic  cavity  contained  in 
the  hydrosoma  always  retains  a  free  communication  with  the 
gastno  cavities  of  the  hydranths.  In  other  words,  it  is  an 
enterocoele.  The  tentacula  are  either  scattered  over  the  hy- 
dranths (Coryne),  or  are  arranged  in  one  circle  round  the 
mouth  (Sertularia) ;  or  in  two  circles,  one  close  to  the  mouth, 
and  one  near  the  aboral  end  (Tubularia).  Very  generally — 
e.  g.,  in  all  Sertxdaridoe^  CampamdaridoB  and  TubularidoB — 
there  is  a  hard,  chitinous,  cuticular  skeleton  (perisarc  of  All- 
man),  which  frequently  gives  rise  to  hydrothecae,  into  which 
the  hydranths  can  be  retracted  (Fig.  13,  2). 

The  gonophores  present  every  variety,  from  simple  sac- 
cular diverticula  of  the  hydrosoma  to  free-swimming  medu- 
soids.  The  inner  margin  of  the  bell  in  these  roedusoids  is 
always  produced  into  a  velum,  and  otolithic  sacs  and  eye- 
spots  are  very  generallv  disposed  at  regular  intervals  around 
the  circumference  of  tne  bell.  The  great  majority  of  what 
were  formerly  termed  the  naked-eyed  Medusae  ( Gymncph- 
thalmata)  are  merely  the  free-swimming  gonophores  of  the 
Sydrophora,  Thus  the  medusoids  known  as  SarsiadcB  are 
the  free  gonophores  of  the  CorynidcB ;  the  SougainviUece 
and  Lizzice  of  the  JEJudendridce ;  many  Oceanidce  proceed 
from  Tubularidce;  TkaumantidcB  and  ^quoridcB  from  Cam- 
panularidae. 

In  some  Sydrophora  (e.  g.,  CalyceUa)  the  margins  of  the 
hydrotheca  are  prolonged  into  triangular  processes,  which 
serve  as  an  operculum. 

Certain  Plurmdaridce  are  provided  with  prominences  of 
the  hydrosoma  surrounded  by  a  chitinous  investment,  which 
is  open  at  the  extremity.  The  inclosed  soft  ectoderm  usual- 
ly contains  many  thread-cells,  and  has  the  power  of  throw- 
ing out  contractile  pseudopodial  processes.    These  have  been 
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termed  nematopkores  by  Mr.  Busk.'    In  Ophiodes  (Hincks) 
they  are  teotaculifomi. 

It  frequently  happeDS  that  the  gouophores  are  developed 
apon  special  stalks,  each  of  which  has  essentially  the  stnict- 


fiB.  IB.— ftDnponurarla  (after  GegeDlwiiT].— J,  Eydrantli :  «,  lU  pednnclt :  «>,  h*. 
dntbecai  it,niomb;£<.MiiUclea:f.dbieaUve  cailtT.  cantinaoae  nltb  tba  so- 
matic oiTitT  i,  contaiiisd  In  tbe  pednncle  snd  fa  tbe  creeping  df  m,  S.  B,  gonio- 
elam  contalDbir  iwo  medniltarm  lOflldB  ot  gonophoree  u;  the  eomatlc  cavltr 
t^  Is  in  cuDDecnon  wllb  that  ot  tbe  creeping  Btem.     C,  Bad. 

lire  of  a  mouthless  hydrantb.  This  is  termed  a  blastoatyle. 
In  some  blastostylHs  (Fig.  15),  during  the  development  of  the 
buds  of  the  gonophores,  the  ectoderm  splits  into  two  layers — 
an  Inner,  which  invests  the  central  axis  formed  by  the  endoderm 
with  the  contained  prolongation  of  the  somatic  cavity  ;  and 
an  outer,  chiefly,  if  not  wholly,  chitinoua  layer.  Into  the  in- 
terspace between  these  two,  the  budding  gonophores  project, 
and  may  emerge  from  the  summit  of  the  gonattgium,  thus 
formed,  either  to  develop  the  reproductive  elements,  and  shed 
them  while  still  attached,  or  to  be  set  at  liberty  as  free  medu- 
soids  (Fig.  16). 

Allman  '  has  shown  that,  in  Dicoryne  conferta,  the  gono- 

■  The;  are  desoribed  under  the  luune  of  "  olavate  onranB^"  and  cooipared 
with  the  tentBcleB  ot  Diphyda  Id  mj  memoir  on  the  "AfflnitieB  of  the  Hedii- 
Bffi."    ("Philosophical  TrnnsactioDS,"  1&*»-) 

'  "  Monograph  of  tbe  QymiioblBfltic,  or  Tuhularian  Hydroide,"  1811,  p.  Bl. 
In  this  beeutifullf  illustrated  and  eUborate  work,  the  stndent  will  find,  not 
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phore  oontaioed  in  a  gonangium,  somewhat  like  that  of  Lao- 
medea,  ia  set  free  as  a.  ciliated  bitentaculate  body,  on  the  cen- 
tral axis  of  which  the  ova  and  spermatozoa  are  developed. 


In  the  genua  Aglaophenia  {Plumularidw),  groups  of 
gonangia  are  inclosed  in  a  common  receptacle  {corbula, 
Allman),  formed  by  the  development  and  union  of  lateral 
processes  (comparable  in  some  respects  to  the  hydrophyllia 
of  the  G<UycophoridcB)  from  that  region  of  the  hydrosoma 
which  bears  the  gonophores. 

Some  medusoids,  such  as  Sctrsia  prolifera  and  WUlsia,  the 
hydroid  stages  of  which  ai-e  not  at  present  certainly  known, 
but  wliich  are  probably  coryniform,  produce  medusoids  simi- 
lar to  themselves  by  budding.  The  buds  may  be  developed 
either  from  the  manubrium,  or  from  the  marginal  canjil  of  the 
nectocalyx,  or  from  the  bases  of  the  teutacula,  or  even  from 
their  whole  length. 

In  August,  1849,  while  in  the  North  Pacific,  off  the  Loui- 
siflde  Archipelago,  I  took  a  species  of  WUlsia  (Fig.  17),  in 
which  stolons  were  developed  at  the  bifurcation  of  each  of 
the  four  principal  radiating  canals  of  the  nectocalyx.  Each 
stolon  was  terminated  by  a  knobbed  extremity  containing 
many  nematocysts  ( C,  g),  and  gave  rise,  on  one  side,  to  a 
series  of  buds,  of  which  those  nearest  the  free  end  of  the 
stolon  had  acquired  the  form  of  complete  medusoids.  They 
had  four  nnbranched  radiating  canals  and  four  tentacles  ;  but 
it  is  probable  that  they  would  assume  the  form  of  the  parent 
stock  after  detachment. 


THE   DISOOFHOltA.  121 

Iq  striking  contrast  with  the  complexity  of  these  repro- 
duotive  processes,  the  gonophore  is  represented,  in  Hydra, 


Fie.  \1.—WiSaia.  tp. :  A.  ibe  inedn«L  with  bndiKDE  ■tolona.  B.  one  of  tbs  bnds 
deTeloped  on  h  gtolon  ;  A,  rudial  canal  of  the  nectocalyx:  £, mnnabriiim.  C.% 
Btolon:  1,  Its  free  end  beset  wtth  namatoCTslB ;  4,  c,  A  budding  mednaoidB; 
/  mednaoid  nearly  teadj  to  ba  delacbed ;  e,  \Ve  mauabrium:  d,  lU  nectocalfz 
A,  a  radial  cauaL 

by  a  mere  enlargement  of  the  body-wall,  situated  close  to  the 
bases  of  the  tentaoula,  in  the  case  of  the  testes,  and  nearer 
the  attached  end  of  the  body  in  that  of  the  ovary.  The  ovary 
develops  a  single  ovum,  which,  as  Kleinenberg  has  shown, 
undergoes  division  and  invests  itself  with  a  chitinous  coat 
while  still  attached  to  the  body  of  the  purent.  This  chiti- 
nous investment  is  more  or  less  spinose,  and  is  often  con- 
founded with  an  egg-shell.  It  obviously  answers  to  tbe 
perisarc  of  a  Tubnlarian,  and  its  presence  in  the  embryo  of 
the  Hydra,  in  which  no  perisarc  is  developed  by  the  adult, 
suggests  that  Hydra  may  not  represent  the  simplest  primary 
condition  of  a  Hydrophoran,  but  may  be  a  reduced  modifica- 
tion of  a  Tubularian. 

8.  The  Discophora. — These  "  Meduste  "  resemble  the 
more  perfect  free  medusoid  gonophores  of  the  Hydrophora, 
in  so  far  as  they  consist  of  a  hydranth  or  polypite  attached 
to  the  centre  of  a  gelatinous  contractile  swimming  disk.  But 
they  differ  from  the  medusoids  of  the  Hydrophora,  inasmuch 
as  they  are  developed  either  directly  from  the  impregnated 
ovum  ;  or  by  gemmation  from  a  Medusa  which  arises  in  this 
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way  ;  or  by  the  transverse  fiBsion  of  the  bydriforra  product 
of  the  development  of  the  impregoated  ovum. 

In  some  of  these  (e.  g.,  Carmarina,  Polyxenia,  u^ginopsit, 
IWichynema),  the  disk  is  similar  to  the  nectocalyx  of  one  of 
the  meduaoids  of  the  Sydrophora  y  and,  like  it,  is  provided 
with  a  velum.  But  in  the  rest  {iMcernaria,  and  the  Stega- 
nophthalmata)  the  disk  is  either  devoid  of  a  velum,  or  pos- 
sesses only  a  rudiment  of  that  structure,  and  is  termed  an 
umbrella.  The  edges  of  the  umbrella  are  divided  into  lobes 
by  marginal  notches  in  which  the  Hthocysts  are  lodged. 
Moreover,  in  these,  the  mineral  particles  of  the  lithocysts  are 
Dumerous,  and  not  inclosed  in  seperate  sacs.  The  lithocysts 
are  often  covered  by  hood-like  processes  of  the  umbrella, 
whence  they  have  been  termed  "covered-eyed"  or  Stega- 
naphthalmata. 

Lucemaria  is  fixed  by  the  aboral  side  of  its  umbrella 
(Fig.  13,  5),  by  means  of  a  longer  or  shorter  peduncle.  The 
umbrella  is  divided  into  eight  lobes,  at  the  extremities  of 
each  of  which    there    is    a  group  of  short  tentacles.      The 


Fib.  18.— L  AvrOia  aiaUa  :  £,l.be  prolonged  anglea  of  the  mouth;   O,  Renllaldism- 

n.  C^OT^iew  ofTfle'ement  of  the  disk,  to  ehow  the  arrangeineiit  of  the  rafllatitw 
eaimlK ;  the  apertnre  of  a  i^enltal  chamhor  and  the  j.lalled  B«^llol  tuenibmie 
BhowlnB  tbroDph  Ita  ventral  wall :  and  a  llthocyet  with  Ita  protectHe  hood  (m). 

hydranth  stands  up  in  the  centre  of  the  umbrella,  and  its 
cavity  communicates  with  a  central  chamber,  whence  four 
wide  chambers  pass  into  the  lobes.  These  chambers  are 
separated  by  septa,  the  free  central  edges  of  which  are  beset 
with  slender  tentacles.     The  reproductive  organs  are  double 
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radiating  series  of  thickenings  of  the  oral  wall  of  each  cham- 
ber/ 

All  the  other  Discophora^  which  are  what  are  commonly 
known  as  "  Jelly-fish,"  are  free,  and  some  attain  a  very  large 
size.  In  the  adult  (Fig.  18)  the  umbrella  is  thick  and  divided 
by  small  marginal  notches  into  as  many  (usually  eight)  lobes. 
At  the  bottom  of  each  notch,  often  protected  by  special  lob- 
ules, is  an  oval  lithocyst,  supported  by  a  cylindrical  pedun- 
cle, the  cavity  of  which  is  in  direct  communication  with 
one  of  the  radiating  canals  of  the  umbrella  (Fig.  28,  IV.). 
This  canal  communicates  with  the  exterior  on  the  aboral  side 
of  the  base  of  the  peduncle.^  The  thick  mesoderm  of  which 
the  great  mass  of  the  umbrella  consists  is  composed  of  a  ge- 
latinous connective  tissue,  in  the  meshes  of  which  is  a  watery 
fluid,  containing  numerous  nucleated  cells  which  exhibit  amoe- 
boid movements.  On  the  oral  faee  there  is  a  broad  zone  of 
striped  muscle,  made  up  of  fusiform  fibres  placed  side  by 
side.  In  Aurelia  aurita^  the  angles  of  the  four-sided  hy- 
dranth  are  produced  into  long  foliaceous  lips,  the  margins 
of  which  are  beset  with  minute  solid  tentacula  (Fig.  18). 
The  gastric  cavity  contained  in  the  hydranths  terminates,  be- 
neath the  centre  of  the  umbrella,  in  a  somatic  cavity  which 
passes  into  four  radially-disposed,  wide  offshoots,  or  genital 
sinuses,  the  oral  walls  of  which  constitute  the  roof  of  the  gen- 
ital chambers  (Fig.  18,  IL).  From  their  margins  the  narrow 
branching  radial  canals  are  given  off.  The  peripheral  ends 
of  these  unite  when  they  reach  the  margin. 

Each  genital  chamber  is  a  recess,  surrounded  by  a  thick 
wall  of  the  oral  face  of  th^  umbrella,  in  the  centre  of  which 
only  a  small  aperture  is  left  (Fig.  18,  I.,  G).  The  roof  of 
this  cavity  is  the  floor  of  the  genital  sinus ;  it  is  much  plaited 
and  folded,  and  the  genital  elements  are  developed  in  it.  Its 
inner  or  endodermal  wall  is  beset  with  small  tentacular  fila- 


1  The  relations  of  Lueemaria  with  the  Ducophora  were  shown  in  my  lect- 
ures, Medical   Times  and  Gazette^   1856.    Keferstein,  *^  Untersachungen  tiber 

conclusion : 
^       ■  the  Boston 

Society  of  Natural  History,"  1862).  The  Lueemaria  {Carduella^  AUman) 
euath^ormie  of  Sars  differs  mucn  from  the  ordinary  Zucerfiarimy  especially  in 
tne  position  of  the  genital  organs  as  longitudinal  thickenings  in  the  wall's  of 
the  gastric  cavity.  See  AUman,  ^^  On  the  Structure  of  Oarduma  cyathiformis'*^ 
0*  Transactions  of  the  Microscopical  Society,"  viii.). 

>  The  circular  canal  of  the  nectocalyx  communicates  with  the  exterior  by 
apertures  on  the  summits  of  papillose  elevations  in  some  medusoids. 
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ments  (Fig.  28,  III.).    The  ova  or  the  spermatozoa  pass  out 
of  the  apertures  of  the  genital  chambon^  and  the  ova  are  re- 


ar the  bncbU ;  e,  the  leoUcIo  wl 


ceived  into  small  pouches  or  folds  of  the  lips,  and  there  under- 
go the  preliminary  stages  of  their  development. 

In  the  ShizostomidcB  (as  was  originally  suggested  by  Von 
Baer  and  has  been  proved  by  L.  Agaseiz  and  A.  Brandt '  ) 
the  margins  of  the  lips  of  the  hydranth  unite,  leaving  only  a 
multitude  of  small  apertures  for  the  ingestion  of  food  on  the 
long  arms,  which  represent  prolongations  of  the  lips  of  the 
hydranth  (Figs.  19,  20,  21).  The  polystomatous  condition 
thus  brought  about,  by  the  subdivision  of  a  primitively  sim- 
ple oral  cavity,  is  ohvioualy  quite  different  in  its  nature  from 
that  which  occurs  in  the  Porifera. 

In  most  of  the  Rhizostomidae,  not  only  do  the  edges  of 
the  lips  unite,  but  the  opposite  walls  of  the  hydninth  beneath 
the  umbrella  are.  as  it  were,  pushed  in,  so  as  to  form  foar 

'  "Mimoirea  de  I'Aoad^inie  de  St.-PiMrsbourg,"  ivi.,  1870. 
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obambers,  Ibe  walls  of  which  unite,  become  perforated,  and 
thus  give  rise  to  a  sub-umbrellar  cavity  with  a  roof  formed 


Fmi.  W.~C«iAai  cetllaia  [n—A,  part  ot  tb>  ambrella,  vlevred  from  belan, 
theplBltadgentUlmembnnef^land  tbedlrld<:datUcbTii«DtaroDeonI« 
d,  place  ot  one  of  the  llibocyBtB.    B,  one  of  tbeoisJ  porea  (m)  tarruDodp 


Willi  1U  cneol  lalcnl 


by  the  umbrella  and  a  floor,  the  brachiferous  dUk,  suspended 
by  four  pillars.     In  the  roof  the  plaited  gCDital  membranes 


/ 


Fis.  M.—CeplUa  Oetllala  (fX—A.  IllDcHiyat  enlaiyed  nlib  ita  hood  (t)  and  the  atwnl 
pore  ol  the  canal  if) ;  d,  tbe  nntcb  oT  the  margia  oC  tbe  Dmbretla.  B,  the  biachlfer- 
ODB  disk  with  tbe  orlfloe  of  tbe  arme  :  f.  eDdodemi :  o,  ectodarm.  C,  tantacnlnte 
lip  ol  an  oral  pore  enhrged ;  in,  oral  cavlt; ;  n,  neiaalocjatB. 

are  developed.    The  floor  (Fig.  31,  B)  gives  off  the  subdivided 
arms,  the  &ee  margins  of  which  bear  the  oral  pores,  and 
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lODgallon  oT  tbo  dii 


i];x  ;  <,  aperture  or  dlslal  nectocalji;  if,  Bomatocret;  ' 
"-'  — ' — ijyi.  by  wtlcb  It  ja  MiachMMo^  tlie  ^rtrr 


/,  paint  of  Bttacbmentor  th*  hfdnjBnma  lu  tbec&Tlqi,  ai  liydnscliiin,ofiiie  proii- 
— il  neclocal;i.    S,  the  distal  nwt«calji  with  the  canal  (throwh  nhlcb  (he  brii' 

.  _  .. J.  —i,... ..  — Terjea  by  ilie  hfdroBoma  MA.    C,eitiaaUj  ol  the 

lacular  tsIpid. 

nhioh  are  traversed  by  canals  which  unite,  pass  throu^  the 
pillars,  and  open  into  the  central  cavity  of  the  umbrella,' 


ha  iS.—A,B.  Dlphyioffld  {SpA««o«fe(),  latertl  and  n-ont  Tlews. 
Ml/la  (CuJoidei).    a,e.  gononhora  or  reprodnctfvo  orsan:  *,  _  ,. 
locyal  or  cavftj  of  hvdropliTUlnni,  wllh  Its  proceM  (lO.    />,  tne 
manubrlDm  (a)  containing  ova. 


I  DlphyjioOld  of 


THE  SIPHOHOPHOEA.  137 

'  3.  The  Siphonophora. — In  thia  group  the  hydrosoma  is 
always  free  and  flexible,  the  ectoderm  developing  no  hard 
chitiooua  exoskeleton,  save  in  the  case  of  the  pneumatopbores 
of  some  species.  In  most,  the  hydranths  are  of  equal  size  ; 
but  in  Veklla  and  Porpita,  the  hydranth  situated  in  the 
centre  of  the  disooidal  body  is  very  much  larger  than  the 
rest,  which  occupy  a  circumferential  zone  around  it ;  and  the 


-^^ 


Fia-  ii.—Alhoryila  maefa.—A,  latanil  view  ;  B.  ttom  aboro ;  C.  D,  delaeliBd  hrfio- 
pbyllla :  a,  poljpltea ;  b,  tentacles ;  e,  aaccnli  nt  tbe  teutkcLca ;  d,  b jdcDpbrllte ; 
Ji  poeiunatopliote. 

principal  function  of  which  is  to  develop  the  gonophores 
from  their  pedicles.  In  tbeae  two  genera  the  tentacula  are 
separate  from  the  hydrantba,  and  form  the  outermost  circle 
of  appendages. 

The  hydranths  of  the  Siphonophora  (Fig.  S5,  A)  never 
possess  a  circlet  of  tentacula  round  the  mouth,  which,  when 
expanded,  is  trumpet-shaped.  The  endoderm  of  the  hydranth 
is  ciliated,  and  villus-like  prominences  project  into  its  cavity. 

The  sbonil  sarfitoe  of  the  nmbrelU  was  of  a  brownieh-eniy  oolor,  TarieRatod 
with  OTsI  white  spots ;  the  oral  eurfaca,  light  brown  with  eight  bluUh-green 
lines  radiatinij;  toward  the  lithocvstf ;  the  brachia,  gray  with  brown  dots.  The 
brechis  dii'ide  into  two  at  their  origin,  and  then  subdivide  into  an  infinity  of 
smal]  branohea.  The  general  oolorof  the  smaller  branches  is  light  brown,  the 
amall  interapereed  cla¥ut(i  tentacles  beine  whiiB.  The  long  tentacles  which 
tenoinate  each  brachium  are  blue  and  eyUndrioal  at  their  origin,  hut  become 
trigonal  brther  on,  where  they  are  shaded  with  brown  and  green.  Is  it  identi- 
oal  with  the  Otphta  ecellata  of  Peron  aod  Losneurt  The  individual  figured 
was  a  young  male. 
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The  interior  of  these  frequently  contains  vacuolar  spaces 
(Fig.  24,  By  G).  A  valvular  "pylorus"  separates  the  gastric 
from  the  somatic  cavity  in  the  GalycophoridoB.  Long  tenta- 
cles, frequently  provided  with  unUateral  series  of  branches, 
are  developed,  either  one  from  the  base  of  each  hydranth,  or, 
independently  of  the  hydranths,  from  the  coenosarc. 

In  the  GalycophoridcB  and  many  PhyaophoridoBy  complex 


Fro.  ^.^AOiorybia  rosaeea.—A,  a  hydranth  with  villi  (a).  J3,  one  of  the  villi  in  its 
elongated  state,  cnlai^l.  C\  a  ttmall  retracted  villus,  still  more  magnified,  with 
its  vacaolar  spaces  and  ciliated  surface. 

organs,  containing  a  sort  of  battery  of  thread-cells,  terminate 
each  lateral  branch  of  a  tentacle  (Figs.  24  and  26).  Each 
consists  of  an  elongated  8(zcculu8y  terminated  by  two  fila- 
mentous appendages,  and  capable  of  being  spirally  coiled  up. 
In  this  state  it  is  invested  by  an  involucruniy  which  surrounds 
its  base.  The  somatic  cavity  is  continued  through  the  branch, 
which  constitutes  the  peduncle  of  this  organ,  into  the  saccu- 
lus  and  its  terminal  filaments.  In  the  latter  it  is  narrow,  and 
their  thick  walls  contain  numerous  small  spherical  nemato- 
cvsts.  In  the  sacculus  the  cavity  is  wider.  One  wall  is  very 
thick,  and  multitudes  of  elongated  nematocysts,  the  lateral 
series  of  which  are  sometimes  larger  than  the  rest,  are  dis- 
posed parallel  with  one  another,  and  perpendicular  to  the 
surface  of  the  sac.  Like  the  other  organs,  each  of  these 
tentacular  appendages  commences  as  a  simple  diverticulum 
of  the  ectoderm  and  endoderm,  and  passes  through  the  stages 
represented  in  Fig.  26. 

In  Physalia  the  tentacula  may  be  several  feet  long.   They 
have  no  lateral  branches,  but  the  large  nematocysts  are  situ- 
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ated  in  traneverse  renifonn  thickenings  of  the  wall  of  tbe  ten- 
tacle, which  occur  at  regular  interrals. 
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Hydrophyllia  are  generally  present,  and,  like  the  tentaou- 
la,  are  developed  either  from  the  pedicle  of  a  hydranth,  in 
which  case  they  inclose  the  hydranth  with  its  tentacle  and  a 
group  of  gonophores  {Caiycophoridc^,  or,  independently  of 
tbe  hydranths,  from  the  ccenosarc  (many  I*hyaophoridcB). 

The  hydrophyllia  are  transparent,  and  often  present  very 
beautifully  defined  forms,  so  that  they  resemble  pieces  of  cut 
glass.  They  are  composed  chiefly  of  the  ectoderm  {and  meso- 
derm), but  contain  a  prolongation  of  the  endoderm,  with  a 
corresponding  diverticulum  of  tbe  somatic  cavity.  They  are, 
in  fact,  developed  as  ceecal  processes  of  the  endoilerm  and 
ectoderm  ;  but  the  latter,  with  the  mesodermal  layer,  rapidly 
predominates. 

The  gonophores  of  the  Siphonophora  present  every  varie- 
ty, from  a  simple  form,  in  which  the  medusoid  remains  in  a 
state  of  incomplete  development,  to  free  medusoids  of  the 
Oymnophtbalmatous  type.     As  an  example  of  the  former 
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condition  the  gonophores  of  Athorybia  m&y  be  cited  (Fi^, 
27)  ;  of  the  latter,  the  gonophorea  of  I^hyaalia,  Porpila,  and 
Veteila. 

In  Athorybia,  groups  of  gonophores,  together  with  pyri- 
form  sacB,  which  resemble  incompletely  developed  hydranths 
[hydrocysts — Fig.  27,  A,  a),  are  home  upon  a  common  stem, 
and  constitute  a  gonoblastidium  (Fig.  27,  A),  The  groups 
of  male  and  female  gonophores  (Fig.  87,  A,  b,  c)  are  borne 
upon  separate  branches  of  the  gonoblastidium  (andr<^horet 


and  gytwpkorea).     Each  female  gonophore  contains  only  a 
single  OTiim,  which  projects  into  the  cavity  of  the  imperfectly 
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differentiated  manubrium,  and  narrowing  its  cavity  at  differ- 
ent points  gives  rise  to  the  irregular  canals  (Fig.  27,  2>,  d). 
In  the  male  gonophore  the  nectocalyx  is  more  distinct  from 
the  manubrium,  and  its  extremity  has  a  rounded  aperture 
(Fig.  27,  £!). 

In  the  Calycophoridce^  as  in  the  elongated  PhysophovidoBy 
the  development  of  new  hydranths  and  their  appendages, 
which  is  constantly  occurring,  takes  place  at  that  end  of  the 
hydrosoma  which  corresponds  to  the  fixed  extremity  of  one 
of  the  JBydraphora  ;  and,  if  we  consider  this  to  be  the  proxi- 
mal end,  new  buds  are  developed  on  the  proximal  side  of 
those  already  formed.  Moreover,  these  buds  are  formed  on 
one  side  only  of  the  hydrosoma.  Hence  the  appendages  are 
strictly  unilateral,  though  they  may  change  their  position  so 
as  eventually  to  appear  bilateral  or  even  whorled.  In  the 
Calycophoridce^  the  saccular  proximal  end  of  the  ccenosaro 
(Fig.  22,  -4,  d)  is  inclosed  within  the  anterior  nectocalyx,  at 
the  posterior  end  of  which  is  a  chamber,  the  hydrcedum 
(Fig.  22,  Ay  c).  The  second,  or  posterior,  fiectocaJyx  is  at- 
tached in  such  a  way  that  its  anterior  end  is  inclosed  within 
the  hydroecium  of  the  anterior  nectocalyx,  while  its  contrac- 
tile chamber  lies  on  the  opposite  side  of  the  axis  to  that  on 
which  the  anterior  nectocalyx  is  placed  (Fig.  22,  A).  Sets 
of  appendages  (Fig.  22,  A^  a  ;  Fig.  23),  each  consisting  of  a 
hydrophyllium,  a  hydranth  with  its  tentacle,  and  gonophores, 
which  last  bud  out  from  the  pedicle  of  the  hydranth — are 
developed  at  regular  intervals  on  the  coenosarc,  and  the  long 
chain  trails  behind  as  the  animal  swims  with  a  darting  mo- 
tion, caused  by  the  simultaneous  rhythmical  contraction  of 
its  nectocalyces,  through  the  water  (Fig.  22). 

From  what  has  been  said,  it  follows  that  the  distal  set  of 
appendages  is  the  oldest,  and,  as  they  attain  their  full  de- 
velopment, each  set  becomes  detached,  as  a  free-swimming, 
complex  Diphyzooid  (Fig.  23).  In  this  condition  they  grow 
and  alter  their  form  and  size  so  much,  that  they  were  for- 
merly regarded  as  distinct  genera  of  what  were  termed  mono- 
gastric  I>iphydce.  The  gonophores,  with  which  these  are 
provided,  in  their  turn  become  detached,  increase  in  size, 
become  modified  in  form,  and  are  set  free  as  a  third  series 
of  independent  zotjids  (Fig.  23,  D).  But  their  manubrium 
does  not  develop  a  mouth  and  become  a  functional  hydranth ; 
on  the  contrary,  the  generative  elements  are  developed  in 
its  wall,  and  are  set  free  by  its  dehiscence. 

In  the  PhysophoridcB^  the  proximal  end  of  the  hydrosoma 
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is  provided  with  a  pneumatopbore.  This  is  a  dilatation,  into 
which  the  ectoderm  is  invaginated,  so  as  to  form  a  receptacle, 
which  becomes  filled  with  air  and  sometimes  has  a  terminal 
opsaing,  through  which  the  air  can  be  expelled  (Fig.  13,  4). 
Tt  is  sometimes  small,  relatively  to  the  hydrosoma  {Agdl'may 
Physophora) ;  sometimes  so  large  (Athoryhiaj  Fig.  24 ;  Phy- 
salia,  Porpita^  Velella)^  that  the  whole  hydrosoma  becomes 
the  investment  of  the  pyriform  or  discoidal  air-sac  ;  while  the 
latter  is  sometimes  converted  into  a  sort  of  hard  inner  shell, 
its  cavity  being  subdivided  by  septa  into  numerous  chambers 
{Porpita^  Velella). 

Nectocalyces  may  be  present  or  absent  in  the  Physopho- 
ridoB,  When  present,  their  number  varies,  but  they  are  con- 
fined to  the  region  of  the  hydrosoma  which  lies  nearest  to  the 
pneumatopbore. 

In  the  great  majority  of  the  Hydro2X>a^  the  ovum  under- 
goes cleavage  and  conversion  into  a  morula,  and  subsequently 
into  a  planula,  possessing  a  central  cavity  inclosed  in  a  double 
cellular  wall,  the  inner  layer  of  which  constitutes  the  hypo- 
blast, and  the  outer  the  epiblast. 

In  most  Sydrophora  the  ciliated,  locomotive,  planula  be- 
comes elongated  and  fixed  by  its  aboral  pole.  At  the  oppo- 
site end,  the  mouth  appears  and  the  embryo  passes  into  the 
gastrula  stage.  Tentacles  next  hud  out  round  the  mouth, 
and  to  this  larval  condition,  common  to  all  the  Sydrophora^ 
AUman  has  given  the  name  of  Actinula. 

Generally,  the  embryo  fixes  itself  by  its  aboral  extremity 
at  the  end  of  the  planula  stage ;  but,  in  certain  TubtdaridcBj 
while  the  embryo  is  still  free,  a  circlet  of  tentacles  is  devel- 
oped close  to  the  aboral  end  ;  and  this  form  of  larva  diflPers 
but  very  slightly  from  that  which  is  observed  in  the  Disco- 
phora. 

In  the  genus  Pelayia,  for  example,  the  tentacles  are  de- 
veloped from  the  circumference  of  the  embryo,  midway  be- 
tween the  oral  and  aboral  poles  ;  but  it  neither  fixes  itself 
nor  elongates  into  the  ordinary  actinula-form.  On  the  con- 
trary, it  remains  a  free-swimming  organism,  and,  by  degrees, 
that  moiety  of  the  body  which  lies  on  the  aboral  side  of  the 
tentacular  circlet  widens  and  is  converted  into  the  umbrella, 
the  other  moiety  becoming  the  hydranth,  or  "  stomach,"  of 
the  Medusa. 

In  Lucernaria,  it  is  probable  that  the  larva  fixes  itself  be- 
fore or  during  the  development  of  the  umbrella,  and  passes 
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directly  into  the  adult  condition.  But,  in  most  Discophora^ 
the  embryo  becomes  a  fixed  actinula  (the  so-called  Hydra 
tuba  or  Scyphistoma^  Fig.  28, 1.),  multiplies  agamogenetically 
by  budding,  and  gives  rise  to  permanent  colonies  of  Hydri- 
form  polyps.  At  certain  seasons  of  the  year,  some  of  these 
enlarge  and  undergo  a  further  agamogenetic  multiplication 
by  fission  (Fig.  28,  II.).  In  fact,  each  divides  transversely 
into  a  number  of  eight-lobed  discoidal  medusoids  ("  £Jphyr(e  " 
or  "  Medusce  hifidcB^^  Fig.  28,  II.  and  III.),  and  thus  passes 
into  what  has  been  termed  the  Strobila  stage.  The  Ephyroe^ 
becoming  detached  from  one  another  and  from  the  stalk  of 
the  Strohila^  are  set  free,  and,  undergoing  a  great  increase 
in  size,  take  on  the  form  of  the  adult  Discophbre,  and  acquire 
reproductive  organs.  The  base  of  the  Strohila  may  develop 
tentacles  (Fig.  28, 11.)  and  resume  the  Scyphistoma  condition. 

Metschnikoff  ^  has  recently  traced  out  the  development  of 
Geryonia{  Garmarina)^  Polyxenia,^g inopsiSy  and  other  Dis- 
cophora^  which  differ  from  the  foregoing  in  possessing  a  velum ; 
and  in  these,  as  in  the  Trachynema  ciliatum,  observed  by 
Gregenbaur,*  the  process  appears  to  be  of  essentially  the  same 
nature  as  in  Pelagia,  The  Scyphistoma  of  Aurelia,  Cyanoea^ 
and  their  allies,  is  probably  to  be  regarded,  like  the  larva  of 
Pelagia^  as  a  Discophore  with  a  rudimentary  disk ;  in  which 
case  the  reproduction  of  the  JSphyra-iorms  of  young  Disco- 
phora  will  not  be  comparable  to  the  development  of  medusoid 
gonophores  among  the  Hydrophora^  but  will  merely  be  a  pro- 
cess of  multiplication,  by  transverse  fission,  of  a  true,  though 
undeveloped,  Discophore. 

In  the  Siphonophora^  the  result  of  yelk  division  is  the 
formation  of  a  ciliated  body  consisting  of  a  small-celled 
ectoderm  investing  a  solid  mass  of  large  blastomeres,  which 
eventually  pass  into  the  cells  of  the  endoderm.  This  body 
does  not  take  the  form  of  an  actinula.  On  the  contrary,  it 
appears  to  be  the  rule  that  buds  from  which  a  hydrophyllium, 
a  nectocalyx,  a  tentacle,  or  pneumatophore,  or  even  all  of 
them,  will  be  developed,  take  their  origin  antecedently  to  the 
formation  of  the  first  polypite  and  of  the  gastric  cavity. 

As  Metschnikoff  well  remarks,  the  mode  of  development 
of  the  Siphonophora  is  wholly  inconsistent  with  the  doctrine 
that  the  various  appendages  of  the  hydrosoma  in  these  ani- 

I  "  Studien  tiber  die  Entwickelung  der  Medusen  und  Siphonophoren." 
{Zeituchrift  fur  wiss.  Zool.^  xxiv.) 

3  "  Zur  Lehre  der  Generationswechsel,"  1854. 

>  See  especially  the  late  observations  of  Metschnikoff,  loc,  cU, 
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Pro.  28.-I  BDd  ll.-Q/anaa  capUlata  (sfter  Van  Beneden"). 

I.  Two  tlyiira  tuba  {Seyphlaloma  BtiiRe),  eihlblling  tbeir  urdlnair  chsncten,  aad 

between  tnem  two  (o,  *)  which  are  nndergntng  fli»lon  {Sirobila  ?lage), 
n.  Tbe  two  SlroMla,  a  and  b.  thr«e  dsTo  later.    In  a.  tentaclsH  are  developed  b«- 

neatb  [bs  loweii  of  the  EiAyra,  fiom  tbe  stalk  oTihe  atroUia,  which  wlU  pecaltt 

as  a  ffydra  tuba.       • 

III.  Hair  the  dlek  of  an  Ephyra  of  AoTelia  aurUa.  seen  from  the  oral  (ace.  Tlia 
amall  tenlsrieii  which  lie  between  the  month  and  ibe  band  of  clicular  muMiulai 
tlbre 8  arc  Inside  Ibe  Bomalic  cjivlly,  wtienc  a'   ■  ■      ■       '     ■■--■■-■ ■- 

of  Ibe  radial  CBnale  enter  "he  correeponrtlnB 

„  BadiatlDC  banda  of  mnBcnuTr  flbres  aecompanj  II 

IV.  Side  Tiew  of  one  of  the  llthocTfte  wiih  lU  pedi 
" icblhe  cilia  of  (lie  eiterior  worh. 


by  lianBTeree  brancbeB.  Eight 
■B,  and  nnallj  divide  Into  tbren 
lithocyBt,  and  twolal«ial  cieca. 


direction  1 

"  Eeolierobea  sur  la  Fanne  litCorale  de  Belgique.    FolTpes."    ISSfl. 


THE  DEVELOPMEXT  OF  THE  HYDROZOA.  I35 

mals  represent  individuals.  The  Hydrozoa  are  not  properly 
compound  organisms,  if  this  phrase  implies  a  coalescence  of 
separate  individualities  ;  but  they  are  organisms,  the  organs 
of  which  tend  more  or  less  completely  to  become  independent 
existences  or  zo5ids.  A  medusoid,  though  it  feeds  and  main- 
tains itself,  is,  in  a  morphological  sense,  simply  the  detached 
independent  generative  organ  of  the  hydrosoma  on  which  it 
was  developed  ;  and  what  is  termed  the  "  alternation  of  gen- 
erations,''  in  these  and  like  cases,  is  the  result  of  the  dissocia- 
tion of  those  parts  of  the  organism  on  which  the  generative 
function  devolves,  from  the  rest.' 

In  certain  Dlscophora  belonging  to  the  group  of  Trachy- 
nemata,  a  method  of  multiplication  by  gemmation  has  been 
observed,  which  is  unknown  among  the  other  Hydrozoa.  It 
may  be  termed  entogastric  gemmation,  the  bud  growing  out 
from  the  wall  of  the  gastric  cavity,  into  which  it  eventually 
passes  on  its  way  outward  ;  while,  in  all  other  cases,  gemma- 
tion takes  place  by  the  formation  of  a  diverticulum  of  the 
whole  wall  of  the  gastro-vasoular  cavity  which  projects  on  to 
the  free  surface  of  the  body,  and  is  detached  thence  (if  it  be- 
come detached),  at  once,  into  the  circumjacent  water.  The  de- 
tails of  this  process  of  entogastric  gemmation  have  been  traced 
by  Haeckel '  in  Carmarina  hdstata,  one  of  the  GeryonidcB, 
As  in  other  members  of  that  family,  a  conical  process  of  the 
mesoderm,  covered  by  the  endoderra,  projects  from  the  roof 
of  the  gastric  cavity  and  hangs  freely  down  into  its  interior. 
Upon  the  surface  of  this,  minute  elevations  of  ^^irth  of  an 
inch  in  diameter  make  their  appearance.  The  cells  of  which 
these  outgrowths  are  composed  next  become  differentiated 
into  two  layers — an  external  clear  and  transparent  layer, 
which  is  in  contact  with  the  cone,  and  invests  the  sides  of  the 
elevation  ;  and  an  inner  darker  mass.  The  external  layer  is  the 
ectoderm  of  the  young  medusoid,  the  inner  its  endoderm.  A 
cavity,  which  is  the  commencement  of  the  gastric  cavity,  ap- 
pears in  the  endodermal  mass,  and  opens  outward  on  the  free 
side  of  the  bud.  The  latter,  now  ^^^^th  of  an  inch  in  diameter, 
has  assumed  the  form  of  a  plano-convex  disk,  fixed  by  its  flat 
side  to  the  cone,  and  having  the  oral  aperture  in  the  centre  of 
its  convex  free  side.     The  disk  next  increasing  in  height,  the 

'  I  have  seen  no  reason  to  de|)art  from  the  opinions  on  the  subject  of 
^Animal  individuality'  enunciated  in  my  lecture  published  in  the  Annals  and 
Magazine  of  Natural  HiMory  for  June,  1852. 

s  ^^  Beitrage  zur  Naturgesohichte  der  Hydromedusen,"  1865. 
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body  acquires  the  form  of  a  flask  with  a  wide  neck.  The  belly 
of  the  flask  is  the  commencement  of  the  umbrella  of  the  bud- 
ding medusoid ;  the  neck  is  its  gastric  division.  The  belly  of 
the  flask,  in  fact,  continues  to  widen  out  until  it  has  the  form 
of  a  flat  cup,  from  the  centre  of  which  the  relatively  small 
gastric  neck  projects,  and  the  bud  is  converted  into  an  unmis- 
takable medusoid,  attached  to  the  cone  by  the  centre  of  the 
aboral  face  of  its  umbrella.  In  the  mean  while,  the  gelatinous 
transparent  mesoderm  has  appeared,  and,  in  the  umbrella,  has 
acquired  a  great  relative  thickness.  Into  this,  eight  prolonga- 
tions of  the  gastric  cavity  extend,  and  give  rise  to  the  radial 
canals,  which  become  united  into  a  circular  canal  at  the  cir- 
cumference of  the  disk.  The  velum,  tentacula,  and  lithocysts 
are  developed,  and  the  bud  becomes  detached  as  a  free  swim- 
ming medusoid.  But  this  medusoid  is  very  different  from  the 
Carmarina  from  which  it  has  budded.  For  example,  it  has 
eight  radial  canals,  while  the  Carmarina  has  only  six ;  it  has 
solid  tentacles,  while  the  adult  Carmarina  has  tubular  tenta- 
cles ;  it  has  no  gastric  cone,  and  has  differently  disposed  lith- 
ooysts.  Haeckel,  in  fact,  identifies  it  with  Cunina  rhodo- 
dactyla^  a  form  which  had  hitherto  been  considered  to  be  not 
only  specifically  and  generically  different  from  Carmarina^ 
but  to  be  a  member  of  a  distinct  family — that  of  the  ^ginidcB, 

What  makes  this  process  of  asexual  multiplication  more 
remarkable  is,  that  it  takes  place  in  CarmaHnoe  which  have 
already  attained  sexual  maturity,  and  in  males  as  well  as  in 
females. 

There  is  reason  to  believe  that  a  similar  process  of  ento- 
gastric  proliferation  occurs  in  several  other  species  of  ^gi- 
nidoB — ^gineta  prolifera  (Gegenbaur),  Eury stoma  rubigi- 
nosum  (Kolliker),  and  Cunina  Kdllikeri  (F.  MliUer) ;  but, 
in  all  these  cases,  the  medusoids  which  result  from  the  gem- 
mative  process  closely  resemble  the  stock  from  which  they 
are  produced. 

As  might  be  expected,  the  Hydrozoa  are  extremely  rare 
in  the  fossil  state,  and  probably  the  last  animal  the  discovery 
of  fossil  remains  of  which  could  be  anticipated  is  a  jelly-fish. 
Nevertheless,  some  impressions  of  Medusse,  in  the  Solenhofen 
slates,  are  sufficiently  well  preserved  to  allow  of  their  deter- 
mination as  members  of  the  group  of  Rhizostomidoe^     The 

1  Haeckel,  **  Ueber  zwei  neue  foaslle  Medusen  aus  der  Fainilie  der  Rhi- 
zoBtomiden.''    (^^  Jahrbuch  far  Mineralogie,"  1866.) 
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apparent  absence  of  the  remains  of  Hydrophora  in  the  meso- 
zoic  and  newer  palaeozoic  rocks  is  very  remarkable.  Some 
singular  organisms,  termed  Ghraptolites^  which  abound  in  the 
Silurian  rocks,  may  possibly  be  Hydrozoa,  though  they 
present  points  of  resemblance  with  the  JPolyzoa.  They  are 
simple  or  branched  stems,  sometimes  slender,  sometimes  ex- 
panded or  foliaceous  ;  occasionally  the  branches  are  connected 
at  their  origin  by  a  membranous  expansion.  The  stems  are 
tubular,  and  beset  on  one  or  both  sides  with  minute  cup- 
shaped  prolongations,  like  the  thecse  of  a  Sertularian.  A  solid 
thickening  of  the  skeleton  may  have  the  appearance  of  an 
independent  axis.  Allman  has  suggested  that  the  theciform 
projections  of  the  Graptolite  stem  may  correspond  with  the 
mematophores  of  Sertularians,  and  that  the  branches  may 
have  been  terminated  by  hydranths.  Appendages  which  ap- 
pear to  be  analogous  to  the  gonophores  of  the  Hydrophora 
have  been  described  in  some  Graptolites.* 

With  a  very  few  exceptions  (Hydra^  Cordylophora)  the 
Hydrozoa  are  marine  animals ;  and  a  considerable  number, 
like  the  Cdlycophoridce  and  Phyaophoridoe^  are  entirely  pe- 
lagic in  their  habits. 

The  Actinozoa. — ^The  essential  distinctions  between  the 
Actinozoa  and  the  Hydrozoa  are  two.  In  the  first  place,  the 
oral  aperture  of  an  ActinozoOn  leads  into  a  sac,  which,  with- 
out prejudice  to  the  question  of  its  exact  function,  may  be 
termed  "  gastric,"  and  which  is  not,  like  the  hydranth  of  the 
HydrozoOn,  free  and  projecting,  but  is  sunk  within  the  body. 
From  the  walls  of  the  latter  it  is  separated  by  a  cavity,  the 
sides  of  which  are  divided  by  partitions,  the  mesenteries^ 
which  radiate  from  the  wall  of  the  gastric  sac  to  that  of  the 
body,  and  divide  the  somatic  cavity  into  a  corresponding  num- 
ber of  intermesenteric  chambers.  As  the  gastric  sac  is  open 
at  its  inner  end,  however,  its  cavity  is  in  free  communication 
with  that  of  the  central  space  which  communicates  with  the 
intermesenteric  chambers  ;  and  the  central  space,  together 
vsdth  the  chambers,  which  are  often  collectively  termed  the 
"  body  cavity  "  or  "  perivisceral  cavity,"  are,  in  reality,  one 
with  the  digestive  cavity,  and,  as  in  the  Hydrozoa^  consti- 
stute  an  enterocoele.  Thus  an  ActinozoOn  might  be  com- 
pared to  a  Lucernaria^  or  still  better  to  a  Carduella^  in  which 
the  outer  face  of  the  hydranth  is  united  with  the  inner  face 

1  Hall,  "  GraptoUtes  of  the  Quebec  Series  of  North  America,"  1865.  Nichol- 
son, "  Monograph  of  the  British  Graptolitidee,"  1872. 
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of  the  umbrella  ;  under  these  olrcumstances  the  canals  of  the 
umbrella  in  the  HydrozoOn  would  answer  to  the  intermesen- 
teric  chambers  in  the  ActinozoOn. 

Secondly,  in  the  Actinozoay  the  reproductive  elements 
are  developed  in  the  walls  of  the  chambers  or  canals  of  the  en- 
terocoele,  just  as  they  so  commonly  are  in  the  walls  of  the 
gastro- vascular  canals  of  the  Hydrozoa^  but  the  generative 
organs  thus  constituted  do  not  project  outwardly,  nor  dis- 
charge their  contents  ^directly  outward.  On  the  contrary,  the 
ova  and  spermatozoa  are  shed  into  the  enteroccele,  and  event- 
ually make  their  way  out  by  the  mouth.  In  this  respect, 
again,  the  ActinozoOn  is  comparable  to  a  Lucemaria  modi- 
fied by  the  union  of  the  hydranth  with  the  ventral  face  of  the 
umbrella ;  under  which  circumstances  the  reproductive  ele- 
ments, which  in  all  Sydrozoa  are  developed,  either  in  the 
walls  of  the  hydranth  or  in  those  of  the  oral  face  of  the  um- 
brella, would  be  precluded  from  making  their  exit  by  any 
other  route  than  through  the  gastro- vascular  canals  and  the 
mouth. 

In  the  fundamental  composition  of  the  body  of  an  ecto- 
derm and  endoderm,  with  a  more  or  less  largely  developed 
mesoderm,  and  in  the  abundance  of  thread-cells,  the  Actiruy- 
zoa  agree  with  the  Hydrozoa. 

In  most  of  the  Actinozoa,  the  simple  polyp,  into  which 
the  embryo  is  converted,  gives  rise  by  budding  to  many 
zoOids  which  form  a  coherent  whole,  termed  by  Lacaze-Du- 
thiers  a  zoanthodeme. 

The  Coralugbna.  —  The  Actinozoa  comprehend  two 
groups — the  Goralligena  and  the  Ctenophora — which  are 
widely  different  in  appearance  though  fundamentally  similar 
in  structure.  In  the  former,  the  mouth  is  always  surrounded 
by  one  or  more  circlets  of  tentacles,  which  may  be  slender 
and  conical,  or  short,  broad,  and  fimbriated.  The  mouth  is 
usually  elongated  in  one  direction,  and,  at  the  extremities  of 
the  long  diameter,  presents  folds  which  are  continued  into 
the  gastric  cavity.  The  arrangement  of  the  parts  of  the  body 
is  therefore  not  so  completely  radiate  as  it  appears  to  be. 
The  enteroccele  is  divided  into  six,  eight,  or  more  wide  inter- 
mesenteric  chambers,  which  communicate  with  the  cavities  of 
the  tentacles,  and  sometimes  directly  with  the  exterior,  by 
apertures  in  the  parietes  of  the  body.  The  mesenteries  which 
separate  these  wide  chambers  are  thin  and  membranous.  Two 
of  them,  at  opposite  ends  of  a  transverse  diameter  of  the  Ac- 
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tinozoOn,  aro  often  different  from  the  rest.     Each  meseuteiy 
enda,  at  its  aboral  extremity,  in  a  free  edge,  often  provided 


Fie.  a>.— Perpeodicnlkr  section  of  AeOTiia  ftofiaflca  (aflsT  FrsT  and  Lenckart).— a, 
ffloalh  :  b.  KBBlrlc  cavity:  e,  ommuD  cuTlty.  lutn  wbleb  tbe  gastric  UTity  and 
Ihc  Intermesenterlc  cbainbeTs  open  j  d.  intermesealeilc  chamben ;  (,  thtcltened 
tree  m«itli>i  Ctmululog  UueHd^ceJIa  of,  /,  a  meeanter; ;  g,  raproducllTe  oigao  ;  A, 
lenticle. 

with  a  thickened  and  folded  margin  ;  and  these  free  edges 
look  tflward  tbe  centre  of  an  axial  cavity,'  into  which  the  gas- 
tric sac  and  all  the  intermesenteric  chanibera  open. 

In  the  CoraUigena,  the  outer  wall  of  the  body  is  not  pro- 
vided with  bands  of  large  paddle-like  cilia.  Moat  of  them  are 
fixed  temporarily  or  permanently,  and  many  give  rise  by 
gemmation  to  turf-like,  or  arborescent,  zoanthodemes.  The 
great  majority  possess  a  hard  skeleton,  composed  principally 
of  oarbooate  of  lime,  which  may  be  deposited  in  permanently 
disconnected  spicula  in  the  walls  of  the  body ;  or  the  spicula 
may  run  into  one  another,  and  foim  solid  networks,  or  dense 
plates,  of  calcareous  matter.  When  the  latter  is  the  case,  the 
calcareous  deposit  may  invade  the  base  and  lateral  walls  of 
the  body  of  the  Actinozo43n,  thus  giving  rise  to  a  simple  cup, 
or  theca.  The  skeleton  thus  formed,  freed  of  its  soft  parts,  is 
a  "  cup-coral,"  and  receives  the  name  of  a  coraiUte. 

In  a  zoanthodeme,  the  various  polyps  (anthozoifids) 
formed  by  gemmation  may  be  distinct,  or  their  several  enter- 
ocoeles  may  communicate ;  in  wiiich  last  case,  the  common 
connecting  mass  of  tbe  body,  or  coenosare,  may  be  travereed 
by  a  regular  system  of  canals.    And,  when  such  compound 

■  Partially-digested  substancea  are  often  found  in  tliis  axial  Bpace,  and  it  ia 
not  improbabie  that  it  maf  functioDoll^  reprasent  tbe  atomaoli  or  tbe  oom- 
mencement  of  tiie  intestine  in  tiigtier  animals. 
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Actinozoa  develop  skeletons,  the  corallites  may  be  distinct, 
and  connected  only  by  a  substance  formed  by  the  calcifica- 
tion of  the  coenosarc,  which  is  termed  ccenenchyma ;  or  the 
thecae  may  be  imperfectly  developed,  and  the  septa  of  adja- 
cent corallites  run  into  one  another.  There  are  cases,  again, 
in  which  the  calcareous  deposit  in  the  several  polyps  of  a 
compound  Actinozoon,  and  in  the  superficial  parts  of  the  cce- 
nenchyma, remains  loose  and  spicular,  while  the  axial  por- 
tion of  the  ccenosarc  is  converted  into  a  dense  chitinous  or  cal- 
cified mass — the  so-called  sckrobcise. 

The  mesoderm  contains  abundantly  developed  muscular 
fibres.  The  question  whether  the  Coralligjena  possess  a  ner- 
vous system  and  organs  of  sense,  hardly  admits  of  a  definite 
answer  at  present.  It  is  only  in  the  Actinidm  that  the  ex- 
istence of  such  organs  has  been  asserted  ;  and  the  nervous 
circlet  of  Actinia^  described  by  Spix,  has  been  seen  by  no 
later  investigator,  and  may  be  safely  assumed  to  be  non-exist- 
ent. Prof.  P.  M.  Duncan,  F.  R.  S.,*  however,  has  recently 
described  a  nervous  apparatus,  consisting  of  fusiform  gan- 
glionic cells,  united  by  nerve-fibres,  which  resemble  the  sym- 
pathetic nerve-fibrils  of  the  Vertebrata^  and  form  a  plexus, 
which  appears  to  extend  throughout  the  pedal  disk,  and 
very  probably  into  other  parts  of  the  body.  In  some  of  the 
ActinidoB  (e.  g.,  Actinia  inesernhryanthemum)^  brightly-col- 
ored bead -like  bodies  are  situated  in  the  oral  disk  outside 
the  ten  tables.  The  etiTicture  of  these  "chromatophores,"  or 
"  bourses  oalicinales,"  has  been  carefully  investigated  by 
Schneider  and  Rctteken,  and  by  Prof.  Duncan.  They  are 
diverticula  of  the  body  wall,  the  surface  of  which  is  com- 
posed of  close-set  "bacilli,"  beneath  which  lies  a  layer  of 
strongly-refracting  spherules,  followed  by  another  layer  of 
no  less  strongly-refracting  cones.  Subjacent  to  these,  Prof. 
Duncan  finds  ganglion  cells  and  nervous  plexuses.  It  would 
seem,  therefore,  that  these  bodies  are  rudimentary  eyes. 

The  sexes  are  united  or  distinct,  and  the  ovum  is  ordina- 
rily', if  not  always,  provided  with  a  vitelline  membrane.  The 
impregnated  ovum  gives  rise  to  a  ciliated  morula,  which  may 
either  be  discharged  or  undergo  further  development  within 
the  somatic  cavity  of  the  parent.  The  morula  becomes  a  gas- 
trula,  but  whether  by  true  invagination  or  by  delamination, 
as  in  most  of  the  Hydrozoa^  is  not  quite  clear.  The  gastrula 
usually  fixes  itself  by  its  closed  end,  while  tentacles  are  de- 

»  "  On  the  Nervous  SyBtem  of  Actinia.'*  ("  Proceedings  of  the  Royal  Socie- 
ty," October  9, 1873.) 


THE  DEVELOPMENT  OF  THE  CORALLIGENA.  141 

veloped  from  its  oral  end.  It  can  hardly  be  doubted  that  the 
intermesenterio  chambers  are  diverticula  of  the  primitive  en- 
terocoele  ;  but  the  exact  mode  of  their  origin  needs  further 
elucidation. 

Lacaze-Duthiers  *  has  recently  thrown  a  new  light  upon 
the  development  of  the  CoraHigena^  and  particularly  of  the 
ActinicB  (Actinia,  Sagartia,  JB anodes).  These  animals  are 
generally  hermaphrodite,  testes  and  ovaria  being  usually  found 
in  the  same  animal,  and  even  in  the  same  mesenteries  ;  but 
it  may  happen  that  the  organs  of  one  or  the  other  sex  are,  at 
any  given  time,  exclusively  developed.  The  ova  undergo  the 
early  stages  of  their  development  within  the  body  of  the 
])arent.  The  process  of  yelk  division  was  not  observed,  and 
in  the  earliest  condition  described  the  embryo  was  an  oval 
planula-like  body,  composed  of  an  inner  colored  substance 
and  an  outer  colorless  layer.  The  outer  layer  (epiblast  =  ec- 
toderm) soon  becomes  ciliated.  An  oval  depression  appears 
at  one  end,  and  becomes  the  mouth '  and  gastric  sac,  while,  at 
the  opposite  extremity,  the  cilia  elongate  into  a  tuft.  The 
ectoderm  extends  into  and  lines  the  gastric  sac,  while  the  in- 
terior of  the  colored  hypoblast  becomes  excavated  by  a  cav- 
ity, the  enteroccele,  which  communicates  with  the  gastric  sac. 
In  this  condition  the  embryo  swims  about  with  its  oral  pole 
directed  backward. 

The  oral  aperture  changes  its  form  and  becomes  elongated 
in  one  direction,  which  may  be  termed  the  oral  axis.  The 
mesenteries  are  paired  processes  of  the  transparent  outer 
layer  (probably  of  that  part  which  constitutes  the  mesoderm) 
which  mark  off  corresponding  segments  of  the  enteroccele. 
The  first  which  make  their  appearance  are  directed  nearly  at 
right  angles  to  the  oral  axis  near,  but  not  exactly  in,  the 
centre  of  its  length.  Hence  they  divide  the  enteroccele  into 
two  primitive  chambers,  a  smaller  (A)  at  one  end  of  the  oral 
axis,  and  a  larger  (A')  at  the  other.  This  condition  may  be 
represented  by  A-r- A' ;  the  dots  indicating  the  position  of 
the  primitive  mesenteries,  and  the  hyphen  that  of  the  oral 
axis.     It  is  interesting  to  remark  that,  in  this  state,  the  em- 

1 "  D^veloppemeni  des  CoralliaireB."    {Arehivea  de  Zoologie  expSrimentale^ 

«  Kowalewsky  describes  the  formation  of  a  gastrula  by  invagination  in  a  spe- 
cies of  Actinia  and  in  Oereanthus^  the  aperture  of  invagination  becoming  the 
mouth  (Hofmann  and  SchwalbCj  "  Jahresbericht,''  Bd.  II.,  p.  269).  In  other 
species  of  Adinia  and  in  Alcyomum^  the  planula  seems  to  delaminate.  Orcd- 
naiy  yelk  division  occurs  in  some  Anthozoa^  while  in  others  (Alcyonium)  the 
process  rather  resembles  that  which  occurs  in  most  Arthropods. 
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bryo  is  a  bilaterally  symmetrical  cylindrical  body,  with  a  can* 
tral  canal,  the  future  gastric  sac ;  and,  communicating  there- 
with, a  bilobed  enterocoele,  which  separates  the  central  canal 
from  the  body- wall.  In  fact,  in  principle,  it  resembles  the 
early  condition  of  the  embryo  of  a  Ctenophore,  a  Brachiopod, 
or  a  Sagitta, 

Another  pair  of  mesenteric  processes  now  makes  its  ap- 
pearance in  the  larger  chamber  A',  and  cuts  off  two  lateral 
chambers,  B,  B,  which  lie  between  these  secondary  mesenteries 
and  the  primary  ones.  In  this  state  the  enterocoele  or  somat- 
ic cavity  is  four-chambered  f  A-hp,  A').     Next  a  third  pair 

of  mesenteries  appear  in  the  smaller  chamber  (A),  and  divide 
it  into  three  portions,  one  at  the  end  of  the  oral  axis  (A), 
and  two  lateral  (C,  C).     In  this  stage  there  are  therefore  six 

(C     B      \ 
A  pS-u  A' ) ;  but  almost  immediately  the  number 

is  increased  to  eight,  by  the  development  of  a  fourth  pair  of 
mesenteries  in  the  chambers  B,  B,  which  thus  give  rise  to  the 
chambers  D,  D,  between  the  primitive  mesenteries  and  them- 
selves.   The  embryo  remains  in  the  eight-chambered  condition 

A  p,^l^  T»  A' )  for  some  time,  until  all  the  chambers  and  their 

dividing  mesenteries  become  equal.  Then  a  fifth  and  a  sixth 
pair  of  mesenteries  are  formed  in  the  chambers  C,  C,  and  D,  D ; 
two  pairs  of  new  chambers,  E  and  F,  are  produced,  and  thus  the 

Actinia  acquires  twelve  chambers  f  A  pp^pr)-RA'),  five 

of  which  result  from  the  subdivision  of  the  smaller  primary 
chamber,  and  seven  from  that  of  the  larger  primary  chamber. 
The  various  chambers  now  acquire  equal  dimensions,  and  the 
tentacles  begin  to  bud  out  from  each.  The  appearance  of 
the  tentacles,  however,  is  not  simultaneous.  That  which  pro- 
ceeds from  the  chamber  A'  is  earliest  to  appear,  and  for  some 
time  is  largest,  and,  at  first,  eight  of  the  tentacles  are  larger 
than  the  other  four. 

The  coiled  marginal  ends  of  the  mesenteries  appear  at 
first  upon  the  edges  of  the  two  primary  mesenteries ;  then 
upon  the  edge  of  the  fourth  pair,  and  afterward  upon  those 
of  the  other  pairs. 

For  the  further  changes  of  the  young  Actiniay  I  must 
refer  to  the  work  cited.  Sufficient  has  been  said  to  show  that 
the  development  of  the  ActinicB  follows  a  law  of  bilateral 
symmetry,  and  to  bring  out  the  important  fact  that,  in  the 
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course  of  its  development,  the  finally  hexamerous  Antho- 
zo5n  passes  through  a  tetramerous  and  an  octomerous  stage. 

Phenomena  analogous  to  the  "  alternation  of  generations," 
which  is  so  common  among  the  Hydrozoa^  are  unknown 
among  the  great  majority  of  the  Actinozoa,  But  Semper  * 
has  recently  described  a  process  of  agamogenesis  in  two  spe- 
cies of  Fungioe,  which  he  ranks  under  this  head.  The  Fungioe 
bud  out  from  a  branched  stem,  and  then  become  detached 
and  free,  as  is  the  habit  of  the  genus.  To  make .  the  parallel 
with  the  production  of  a  medusoid  from  a  hydroid  polyp 
complete,  however,  the  stem  should  be  nourished  by  a  sexless 
anthozooid  of  a  different  character  from  the  forms  of  Fungim 
which  are  produced  by  gemmation.  And  this  does  not  appear 
to  be  the  case. 

In  one  division  of  the  Coralligena — the  Octocoralla — 
eight  enterocoele  chambers  are  developed,  and  as  njiany  ten- 
tacles. Moreover,  these  tentacles  are  relatively  broad,  flat- 
tened, and  serrated  at  the  edges,  or  even  pinnatifid.  The 
Actinozoon  developed  from  the  egg  may  remain  simple 
{Hdimea^  Milne-Edwards),  but  usually  gives  rise  to  a  zoan- 
thodeme. 

The  coenosarc  of  the  zoanthodeme  in  the  Octocoralla  is  a 
substance  of  flesh}'  consistence,  which  is  formed  chiefly  of  a 
peculiar  kind  of  connective  tissue,  containing  many  muscular 
fibres  developed  in  the  thickened  mesoderm.  The  axial  cavity 
of  each  anthozooid  is  in  communication  with  a  system  of 
large  canals.  In  Alcyonium^  a  single  large  canal  descends 
from  each  anthozo5id  into  the  interior  of  the  zoanthodeme, 
and  the  eight  mesenteries  are  continued  as  so  many  ridges 
throughout  its  entire  length,'*  so  that  these  tubes  have  been 
compared  to  the  thecal  canals  of  the  Millepores.  In  the  red 
coral  of  commerce  ( CoraUium  ruhrum^  Fig.  30),  the  large 
canals  run  parallel  with  the  axial  skeleton.  A  delicate  net- 
work, which  traverses  the  rest  of  the  substance  of  the  coeno- 
sarc, appears  to  be  sometimes  solid  and  sometimes  to  form  a 
system  of  fine  canals  opening  into  the  larger  ones.  The 
antliozooids  possess  numerous  muscles  by  which  their  move- 
ments are  effected.  The  fibres  are  delicate,  pale,  and  not 
striated.     Nerves  have  not  been  certainly  made  out. 

It  is  in  these  Octocoralla  that  the  form  of  skeleton  which 
is  termed  a  sclerohase^  which  is  formed  by  cornification  or 

>  "  Ueber  Generations-Wechsel  bei  Steinkorallen."    Leipsic,  1872. 
"Pouchet  and  Myevre,  "Contribution  ^  PAuatomie   des  Aloyonaires." 
{jJowntoL  d'Anatamie  etdela  Physiologie,  1870.) 
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in..  IV.  Free  cUiated  emhryoa. 

■  "Histoire  NaCurelle  du  Coml,"  \SM. 


THE  ACTiNOZOA.  145 

calcification  of  the  axial  connective  tissue  of  the  zoantho- 
deme,  occurs.  It  is  an  unattached  simple  rod  in  Pennatula 
and  VeretiUum^  but  fixed,  tree-like,  branched,  and  even  retic- 
ulated, in  the  Gorgonim  and  the  red  coral  of  commerce  (  Co- 
rallium).  In  the  Alct/onia,  or  "  Dead-men's-fingers,"  of  our 
own  shores,  there  is  no  sclerobase,  nor  is  there  any  in  Tubi- 
pora,  the  organ-coral.  But,  whereas  in  all  the  other  Octoco- 
rdUa  the  bodies  of  the  polyps  and  the  ccenosarc  are  beset  with 
loose  spicula  of  carbonate  of  lime,  Tuhipora  is  provided  with 
solid  tubiform  thecse,  in  which^  however,  there  are  no  septa. 

Dimorphism  has  been  observed  by  KoUiker  to  occur  exten- 
sively among  the  Pennatididoe,  Each  zoanthodeme  presents 
at  least  two  different  sets  of  zoOids,  some  being  fully  devel- 
oped, and  provided  with  sexual  organs,  while  the  others  have 
neither  tentacles  nor  generative  organs,  and  exhibit  some 
other  peculiarities.*  These  abortive  zoCids  are  either  scat- 
tered irregularly  among  the  others  (e.  g.,  Sarcophyton^  Vere- 
tillum)y  or  may  occupy  a  definite  position  (e.  g.,   Virgiilaria), 

In  the  other  chief  division  of  the  CoraUigena — the  Hexa- 
corolla — ^the  fundamental  number  of  enteroccele  chambers  and 
of  tentacles  is  six,'  and  the  tentacles  are,  as  a  rule,  rounded 
and  conical,  or  filiform. 

The  ActinozoOn  developed  from  the  egg  in  some  of  the 
HexacoraUa  remains  simple,  and  attains  a  considerable  size. 
Of  these — the  ActinidcB — many  are  to  some  extent  locomo- 
tive, and  some  {Minyas)  float  freely  by  the  help  of  their 
contractile  pedal  region.  Tlie  most  remarkable  form  of  this 
group  is  the  genus  Cereanthus^  which  has  two  circlets,  each 
composed  of  numerous  tentacles,  one  immediately  around  the 
oral  aperture,  the  other  at  the  margin  of  the  disk.  The  foot 
is  elongated,  subcorneal,  and  generally  presents  a  pore  at  its 
apex.  Of  the  diametral  folds  of  the  oral  aperture,  one  pair  is 
much  longer  than  the  other,  and  is  produced  as  far  as  the 
pedal  pore.  The  larva  is  curiously  like  a  young  hydrozo5n 
with  four  tentacles,  and,  at  one  time,  possesses  four  mesen- 
teries. 

The  ZoanthidcB  differ  from  the  Actinidm  in  little  more 
than  their  multiplication  by  buds,  which  remain  adherent, 
either  by  a  common  connecting  expansion  or  by  stolons ;  and 
in  the  possession  of  a  rudimentary,  spicular  skeleton.  In  the 
AntipathidcB  there  is  a  sclerobasic  skeleton.     The  proper 

»  "  Abhandlangen  der  Senkenbergischen  naturforschenden  Gesellschaft," 
Bd.  vii.,  viii. 

*  That  is  to  say,  in  the  adult,  they  are  either  six  or  some  multiple  of  six. 

7 


146         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

stone-corals  are  essentially  ActinicB,  which  become  converted 
into  zoanthodemes  by  gemmation  or  fission,  and  develop  a 
continuous  skeleton. 

The  skeletal  parts  ^  of  all  the  Actinozoa,  consist  either  of 
a  substance  of  a  horny  character ;  or  of  an  organic  basis  im* 
pregnated  with  earthy  salts  (chiefly  of  lime  and  magnesia), 
but  which  can  be  isolated  by  the  action  of  dilute  acids  ;  or, 
finaUy,  of  calcareous  salts  in  an  almost  crystalline  state,  form- 
ing rods  or  corpuscles,  which,  when  treated  with  acids,  leave 
only  an  inappreciable  and  structureless  film  of  organic  matter. 
The  hard  parts  of  all  the  Aporosa^  Perforata^  and  TaMdata 
of  Milne-Edwards  are  in  the  last-mentioned  condition  ;  while, 
in  the  OctocoraUa^  except  Tuhipora^  and  in  the  Antipathidm^ 
and  Zoa7z^Ai(^66,  among  the  HeocacoraUa^  the  skeleton  is  either 
homy ;  or  consists,  at  any  rate,  to  begin  with,  of  definitely 
formed  spicula,  which  contain  an  organic  basis,  and  frequently 
present  a  laminated  structure.  In  the  organ-coral  {Tuhipora)^ 
the  skeleton  has  the  character  of  that  of  the  ordinary  stone- 
corals,  except  that  it  is  perforated  by  numerous  minute  canals. 

The  skeleton  appears,  in  all  cases,  to  be  deposited  within 
the  mesoderm,  and  in  the  intercellular  substance  of  that  layer 
of  the  body.  Even  the  definitely  shaped  spicula  of  the  OctO' 
coraUa  seem  not  to  result  from  the  metamorphosis  of  cells. 
In  the  simple  aporose  corals  the  calcification  of  the  base  and 
side  walls  of  the  body  gives  rise  to  the  cup  or  theca  ;  from 
the  base  the  calcification  extends  upward  in  lamellas,  which 
correspond  with  the  interspaces  between  the  mesenteries,  and 
gives  rise  to  as  many  vertical  septa^  the  spaces  between  which 
are  termed  locidi  ;  while,  in  the  centre,  either  by  union  of  the 
septa  or  independently,  a  column,  the  columella^  grows  up. 
Small  separate  pillars  between  the  columella  and  the  septa  are 
termed  palulL  From  the  sides  of  adjacent  septa  scattered 
processes  of  calcified  substance,  or  synapticulcey  may  grow 
out  toward  one  another,  as  in  the  FungidcB ;  or  the  interrup- 
tion of  the  cavities  of  the  loculi  maybe  more  complete  in 
consequence  of  the  formation  of  shelves  stretching  from  sep- 
tum to  septum,  but  lying  at  different  heights  in  adjacent 
loculi.  These  are  interseptal  dissepiments.  Finally,  in  the 
Tahulata^  horizontal  plates,  which  stretch  completely  across 
the  cavity  of  the  theca,  are  formed  one  above  the  other  and 
constitute  tabular  dissepiments, 

»  See  K6lliker,  **  loones  HistologlcsB,"  1866.  ^^      v 

«  Lacaze-Duthiers's  investiffations  on  Astrasa  oalyeulana  prove  that  the  septa 
begin  to  be  formed  before  the  theoa. 
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In  the  Aparosa  the  theca  and  septa  are  almost  invariably 
imperf oi-ate ;  but,  in  the  Perforata^  they  present  apertures, 
and,  in  some  Madrepores,  the  whole  skeleton  is  reduced  to 
a  mere  network  of  dense  calcareous  substance.  When  the 
Hexacoralla  multiply  by  gemmation  or  fission,  and  thus  give 
rise  to  compound  massive  or  arborescent  aggregations,  each 
newly-formed  coral  polyp  develops  a  skeleton  of  its  own,  which 
is  either  confluent  with  that  of  the  others,  or  is  united  with 
them  by  calcification  of  the  connecting  substance  of  the  com- 
mon body.  This  intermediate  skeletal  layer  is  then  termed 
ccenenchyma. 

The  septa  in  the  adult  Hexacoralla  are  often  very  numer- 
ous and  of  different  lengths,  some  approaching  the  centre 
more  closely  than  others  do.  Those  of  the  same  lengths  are 
members  of  one  "  cycle ; "  and  the  cycles  are  numbered  ac- 
cording to  the  lengths  of  the  septa,  the  longest  being  counted 
as  the  first.  In  the  young,  six  equal  septa  constitute  the  first 
cycle.  As  the  coral  grows,  another  cycle  of  six  septa  arises 
by  the  development  of  a  new  septum  between  each  pair  of 
the  first  cycle;  and  then  a  third  cycle  of  twelve  septa  di- 
vides the  previously  existing  twelve  interseptal  chambers  into 
twenty-four.  If  we  mark  the  septa  of  the  first  cycle  A,  those 
of  the  second  B,  and  those  of  the  third  C,  then  the  space  be- 
tween any  two  septa  (A  A)  of  the  first  cycle  will  be  thus  rep- 
resented when  the  third  cycle  is  formed — A  C  B  C  A. 

When  additional  septa  arc  developed,  the  fourth  and  fol- 
lowing cycles  do  not  consist  of  more  than  twelve  septa  each  ; 
hence  the  septa  of  each  new  cycle  appear  in  twelve  of  the 
previously  existing  interseptal  spaces,  and  not  in  all  of  them; 
and  the  order  of  their  appearance  follows  a  definite  law,  which 
has  been  worked  out  by  Milne-Edwards  and  Haime.  Thus, 
the  septa  of  the  fourth  cycle  of  twelve  (d)  bisect  the  inter- 
septal space  A  C  ;  and  those  of  the  fifth  cycle  (e)  the  inter- 
septal space  B  C ;  the  septa  of  the  sixth  cycle  (f ),  A  d  and 
d  A ;  those  of  thes  eventh  cycle  (g),  e  B  and  B  e ;  those  of  the 
eighth  cycle  (h),  d  C  and  C  d;  and  those  of  the  ninth  cycle 
(i),  C  e  and  e  C. 

Hence,  after  the  formation  of  nine  cycles,  the  septa  added 
between  every  pair  of  primary  septa  (A,  A)  will  be  thus  ar- 
ranged—A fdhCiegBgeiChdfA.* 

The  stone-corals  ordinarily  known  as  JfiUepores  are  char- 

*  That  the  order  of  occurrence  of  the  septa  of  various  lengths,  at  the  differ- 
ent stages  of  growth  of  a  corallite,  is  that  indicated,  seems  to  be  clear,  whatever 
may  be  the  exact  mode  of  development  of  the  septa  in  each  cycle. 
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acterized  by  being  traversed  by  numerous  tubular  cavities, 
which  open  at  the  surface,  and  the  deeper  parts  of  which  are 
divided  by  numerous  close-set  transverse  partitions,  or  tabular 
dissepiments,  while  vertical  septa  are  rudimentary  or  alto- 
gether absent.  These  were  regarded  as  Anthozoay  and 
classed  together  in  the  division  of  Tabuldtay  until  the  elder 
Agassiz  '  published  his  observations  on  the  living  Jfillepora 
cUcicornis,  which  led  him  to  the  conclusiou  that  the  Tahulata 
are  Hydrozoa  allied  to  JBydractiniay  and  that  the  extinct  JRu- 
gosa  were  probably  of  the  same  nature. 

The  evidence  adduced  by  Agassiz,  however,  was  insuffi- 
cient to  prove  his  conclusions ;  and  the  subsequent  discovery 
by  Verrill  that  another  tabulate  coral,  Pocillopora,  is  a  true 
Hexacorallan,  while  Moseley*  has  proved  that  Mdiopora 
ccendea  is  an  Octocorallaii,  gave  further  justification  to  those 
who  hesitated  to  accept  Agassiz's  views. 

The  recent  very  thorough  and  careful  investigation  of  a 
species  of  MiUepora  occurring  at  Tahiti,'  by  Mr.  Moseley, 
although  it  still  leaves  us  in  ignorance  of  one  important 
point,  namely,  the  characters  of  the  reproductive  organs,  yet 
permits  no  doubt  that  Millepora  is  a  true  Hydrozoon  allied  to 
ITydractiniay  as  Agassiz  maintained.  The  surface  of  the 
living  Millepora  presents  short,  broad  hydranths,  the  mouth 
of  which  is  surrounded  by  four  short  tentacles.  Around  each 
of  these  alimentary  zo5ids  is  disposed  a  zone  of  from  five  to 
twenty  or  more,  much  longer,  mouthless  zoOids,  over  the  bod- 
ies of  which  numerous  short  tentacles  are  scattered.  Each 
of  these  zo5ids  expands  at  its  base  into  a  dilatation,  whence 
tubular  processes  proceed,  which  ramify  and  anastomose,  giv- 
ing rise  to  a  thin  expanded  hydrosoma.  The  calcareous  mat- 
ter (composed  as  usual  of  carbonate,  with  a  small  proportion 
of  phosphate  of  lime)  forms  a  dense  continuous  crust  upon 
the  ectoderm  of  the  ramifications  of  the  hydrosoma,  that  part 
of  it  which  underlies  the  dilatations  of  the  zo5ids  constituting 
the  septa.  As  the  first  formed  hydrosomal  expansion  is  com- 
pleted, another  is  formed  on  its  outer  surface,  and  it  dies. 
The  "  thesal "  canals  of  the  coral  arise  from  the  correspond- 
ence in  position  of  the  dilatations  of  the  zooids  of  successive 
hydrosomal  layers,  and  the  tabulae  are  their  supporting  plates. 

Thus  the  group  of  the   TabiUata  ceases  to  exist,  and  its 

»  "  Natural  History  of  the  United  States,"  vols.  iii.  and  iv.,  1860-'62. 
3  Moseley,  **  The  Structure  and  Relations  of  the  Alcyonarlan,  Hdiopora 
cotruUal''  etc.    ("  Proceedings  of  the  Royal  Society,"  November,  1875.) 
»  "  Proceedings  of  the  Royal  Society,"  1876. 
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members  must  be  grouped  either  with  the  BexcbcoraUa^  the 
OctocoraUa^  or  the  Hydrozoa. 

The  Rugosa  constitute  a  group  of  extinct  and  mainly 
Palaeozoic  stone-corals,  the  thecae  of  which  are  provided  with 
tabular  dissepiments,  and  generally  have  the  septa  less  de- 
veloped than  those  of  the  ordinary  stone-corals.  The  arrange- 
ment of  the  parts  of  the  adult  liugoaa  in  fours,  and  the 
bilateral  sj^mmetry  which  they  sometimes  exhibit,  are  inter- 
esting peculiarities  when  taken  in  connection  with  the  te- 
tramerous  and  asymmetrical  states  of  the  embryonic  He^xcLCO- 
raUa.  On  the  other  hand,  some  of  the  Rugosa  possess  oper- 
cula,  which  are  comparable  to  the  skeletal  appendages  of  the 
Alcyonarian  Primnoa  observed  by  LindstrSm,  and  the  te- 
tramerous  arrangement  of  their  parts  suggests  affinity  with 
the  Octocoralla.  It  seems  not  improbable  that  these  ancient 
corals  represent  an  intercalary  type  between  the  ffexacoralla 
and  the  Octocoralla. 

All  the  Actinozoa  are  marine  animals.  The  ActinicBj 
among  the  HexacoraJlla^  and  various  forms  of  Octocoralla^ 
have  an  exceedingly  wide  distribution,  while  the  latter  are 
found  at  very  great  depths. 

The  stone-corals,  again,  have  a  wide  range,  both  as  respects 
depth  and  temperature,  but  they  are  most  abundant  in  hot 
seas,  and  many  are  confined  to  such  regions.  Some  of  these 
stone-corals  are  solitary  in  habit,  while  others  are  social,  grow- 
ing together  in  great  fields,  and  forming  what  are  called 
"  coral  reefs."  The  latter  are  restricted  within  that  compara- 
tively narow  zone  of  the  earth's  surface  which  lies  between 
the  isotherms  of  60°,  or,  in  other  words,  they  do  not  extend 
for  more  than  about  30°  on  either  side  of  the  equator.  It  is 
not  conditions  of  temperature  alone,  however,  which  limit 
their  distribution ;  for,  within  this  zone,  the  reef-builders  are 
not  found  alive  at  a  greater  depth  than  from  fifteen  to  twenty 
fathoms,  while  at  the  equator,  an  average  temperature  of  68° 
is  not  reaclied  within  a  depth  of  100  fathoms. 

Not  only  heat,  then,  but  light,  and  probably  rapid  and 
effectual  aeration,  are  essential  conditions  for  the  activity  of 
the  reef-building  Actinozoa.  But,  even  within  the  coral  zone, 
the  distribution  of  the  reef-builders  appears  to  be  singularly 
capricious.  None  are  found  on  the  west  coast  of  Africa,  very 
few  on  the  east  coast  of  South  America,  none  on  the  west 
coast  of  North  America ;  while  in  the  Indian  Ocean,  the  Pa- 
cific, and  the  Caribbean  Sea,  they  cover  thousands  of  square 
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miles.  It  is  by  no  means  certain,  however,  that  any  one 
species  of  West  India  reef-coral  is  identical  with  anj'  East 
Indian  species,  and  the  corals  of  the  central  Pacific  differ  very 
considerably  from  those  of  the  Indian  Ocean. 

Different  species  of  corals  exhibit  great  differences  as  to 
the  rapidity  of  their  growth,  and  the  depth  at  which  they 
flourish  best  ;  and  no  one  must  be  taken  as  evidence  for  anoth- 
er in  these  respects.  Certain  species  of  Perforata  {Madre- 
poridcB  and  Poritidoe)  appear  to  be  at  once  the  fastest  grow-* 
ers,  and  those  which  delight  in  the  shallowest  waters.  The 
AstroeidcB  among  the  Aporosa^  and  Seriatopora  among  the 
Tabidata^  live  at  greater  depths,  and  are  probably  slower  of 
increase. 

Under  the  peculiar  conditions  of  existence  which  have 

i'ust  been  described,  it  would  seem  easy  enough  to  compre- 
lend,  a  jt>reor/,  the  necessary  arrangement  of  coral-reefs.  As 
the  reef-building  Actinozoa  cannot  live  at  greater  depths  than 
twenty  fathoms,  or  thereabouts,  it  is  clear  that  no  reef  can 
be  originally  formed  at  a  greater  depth  below  the  surface,  and 
such  a  depth  usually  implies  no  very  great  distance  from  land. 
Furthermore,  we  should  expect  that  the  growth  of  the  coral 
would  fill  up  all  the  space  between  the  shore  and  this  farthest 
limit  of  its  growth  ;  so  that  the  shores  of  coral  seas  would 
be  fringed  by  a  sort  of  flat  terrace  of  coral,  covered,  at  most, 
by  a  verv  few  feet  of  water ;  that  this  terrace  would  extend 
out  until  the  shelving  land  upon  which  it  had  grown  descended 
to  a  depth  of  some  twenty  fathoms ;  and  that  then  it  would 
suddenly  end  in  a  steep  wall,  the  summit  and  upper  parts  of 
which  would  be  crowned  with  overhanging  ledges  of  living 
coral,  while  its  base  would  be  hidden  by  a  talus  of  dead 
fragments,  torn  off  and  accumulated  by  the  waves.  Such  a 
'<  fringing  reef"  as  this,  in  fact,  surrounds  the  island  of 
Mauritius.  The  beach  here  does  not  gradually  shelve  down 
into  the  depths  of  the  sea,  but  passes  into  a  flat,  irregular 
bank,  covered  by  a  few  feet  of  water,  and  terminating  at  a 
greater  or  less  distance  from  the  shore  in  a  ridge,  over  which 
the  sea  constantly  breaks,  and  the  seaward  face  of  which 
slopes  at  once  sheer  down  into  fifteen  or  twenty  fathoms  of 
water. 

The  structure  of  a  fringing  reef  varies  at  different  dis- 
tances from  the  land,  and  at  different  depths  in  its  seaward 
face.  The  edge  beaten  by  the  surf  is  composed  of  living 
masses  of  Porites^  and  of  the  coral-like  plant,  the  NuUipore  ; 
deeper  than  this  is  a  zone  of  Aporoaa  {A8trmdm)y  and  of 
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*  Millepores  (Seriatopora)  ;  while,  deeper  still,  all  living  coral 
ceases  ;  the  lead  bringing  up  either  dead  brandies,  or  show- 
ing the  existence  of  a  flat,  gently-sloping  floor,  the  true  sea- 
bottom,  covered  with  fine  coral  sand  and  mud.  Passing  from 
the  edge  of  the  reef  landward,  the  Poritidm  cease,  and  are 
replaced  by  a  ridge  of  agglomerated  dead  branches  and  sand, 
coated  with  Nullipore ;  the  floor  of  the  shallow  basin,  or 
"  lagoon,"  inclosed  between  the  reef  and  the  land,  is  formed 
by  a  conglomerate,  composed  of  fragments  of  coral  cemented 
by  mud  ;  and,  on  this,  Meandrinm  and  Fungioe  rest  and 
flourish,  exhibiting  the  most  gaudy  coloration,  and  sometimes 
attaining  a  great  size.  During  storms,  masses  of  coral  are 
hurled  on  to  the  floor  of  the  lagoon,  and  there  gradually  in* 
crease  the  accumulation  of  rocky  conglomerate ;  but  in  no 
other  way  can  a  fringing  reef,  which  has  once  attained  its 
limit  in  depth,  increase  in  size,  unless,  indeed,  the  talus  ac- 
cumulating at  the  foot  of  its  outer  wall  should  ever  rise  suffi- 
ciently high  to  afford  a  footing  for  the  corals  within  their  pre- 
scribed limits  of  depth. 

Such  is  the  structure  of  a  fringing  reef ;  but  the  great 
majority  of  reefs  in  the  Pacific  are  very  different  in  their 
character.  Along  the  northeastern  coasts  of  New  Holland, 
for  instance,  a  vast  aggregation  of  reefs  lies  at  a  distance 
from  the  shore  which  varies  fn)m  a  hundred  to  ten  miles ; 
forming  a  mighty  wall  or  barrier  against  the  waves  of  the 
Pacific.  At  a  few  hundred  yards  outside  this  "  barrier  reef  " 
no  bottom  can  be  obtained  with  a  sounding-line  of  a  thousand 
fathoms;  between  the  reef  and  the  mainland,  on  the  con- 
trary, the  sea  is  hardly  ever  more  than  thirty  fathoms  deep. 
Many  of  the  islands  of  the  Pacific,  again,  are  encircled  with 
reefs  corresponding  exactly  in  their  character  with  the  barrier 
reef ;  separated,  that  is,  by  a  relatively  shallow  channel  from 
the  land,  but  facing  the  sea  with  an  almost  perpendicular  wall 
which  rises  from  a  very  great  depth. 

Finally,  in  many  cases,  especially  among  the  single  reefs, 
which  taken  together  constitute  the  great  Australian  barrier, 
there  is  no  trace  of  any  central  island ;  but  a  circular  reef, 
usually  having  an  opening  on  its  leeward  side,  stands  out  in 
the  midst  of  the  sea.  These  reefs,  apparently  unconnected 
with  other  land,  are  what  are  called  "  Atolls." 

How  have  these  barrier  reefs,  encircling  reefs,  and  atolls, 
been  formed  ?  It  is  certain  that  the  fabricators  of  these  reefs 
cannot  live  at  a  greater  depth  than  in  the  fringing  reefs. 
How  can  they  have  grown  up,  then,  from  a  thousand  fathoms 
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or  more  ?  Why  do  they  take  so  generally  the  circular  form  ? 
What  is  the  connection,  finally,  between  fringing  reefs  and 
atolls?  The  only  thoroughly  satisfactory  answer  to  these 
questions  has  been  given  by  Mr.  Darwin,  from  whose  beauti- 
ful work  on  "  Coral  Reefs  "  I  have  borrowed  most  of  the  fore- 
going details.  Consider  for  a  moment  what  would  be  the 
effect  of  a  slow  and  gradual  submergence  of  the  island  of 
Mauritius — a  submergence,  perhaps,  of  a  few  feet  in  a  century 
(at  any  rate,  not  greater  than  the  rate  of  upward  growth  of 
coral),  continued  for  age  after  age.  As  the  edge  of  the  fring- 
ing reef  sank,  new  coral  would  grow  up  from  it  to  the  sur- 
face; and,  as  the  most  active  and  important  of  the  reef- build- 
ers flourish  best  in  the  very  surf  of  the  breakers,  so  the  margin 
of  the  reef  would  grow  faster  than  its  inner  portion,  and  the 
discrepancy  would  increase  as  the  latter,  sinking  deeper  and 
deeper,  became  farther  removed  from  the  region  of  active 
growth.  Nevertheless,  the  sea-bottom  within  the  reef  would 
constantly  tend  to  be  raised  by  the  accumulation  of  frag- 
ments, and  by  the  deposit  of  fine  mud,  in  its  sheltered  and 
comparatively  calm  waters.  On  the  other  hand,  on  the  sea- 
ward face  of  the  reef,  no  possible  extension  could  take  place 
by  direct  growth;  and  that  by  accumulation  must  be  exceed- 
ingly slow,  the  incessant  wash  of  tides,  waves,  and  currents, 
tending  incessantly  to  spread  any  talus  over  a  wider  and 
wider  area. 

Thus,  then,  the  edge  of  the  reef  unceasingly  compensates 
itself  for  the  depression  which  it  undergoes,  while,  inside  the 
reef,  only  a  partial  compensation  takes  place,  and,  outside, 
hardly  any  at  all.  Continue  the  sinking  process  until  its 
highest  peak  was  but  a  few  hundred  feet  above  the  surface, 
and  all  that  would  be  left  of  Mauritius  would  be  an  island 
surrounded  by  an  encircling  reef ;  carry  on  the  depression 
further  still,  and  a  circular  reef,  or  atoll,  alone  would  remain. 
But  the  region  of  the  coral-reefs  is,  for  the  most  part,  that  of 
constant  winds.  During  the  whole  process  of  growth  of  the 
reef,  therefore,  one  of  its  sides — ^that  to  windward — has  been 
exposed  to  more  surf  than  that  to  leeward.  Not  only  will 
the  greater  quantity  of  dihriSy  therefore,  have  been  heaped 
up  by  storms  upon  the  windward  side,  but  the  coral-builders 
themselves  will  here  have  been  better  fed,  better  aerated,  and 
consequently  more  active.  Hence  it  is  that,  other  things 
being  alike,  there  is  a  probability  that  the  leeward  side  of 
the  reef  will  grow  more  slowly,  and  repair  any  damages  less 
easily,  than  the  windward  side ;  and  hence,  again,  as  a  result, 
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the  known  faot  that  the  practicable  channels  of  entrance  into 
encircling  reefs  or  atolls  are  usually  to  leeward. 

The  winds  and  waves  are  singularly  aided  in  grinding 
down  the  corals  into  mud  and  fragments  by  the  Scari  and 
Solothurice  which  haunt  the  reefs  ;  the  former  browsing 
upon  the  living  polyps,  with  their  hard  and  parrot-like  jaws, 
and  passing  a  fine  calcareous  mud  in  their  excrements  ;  the 
latter,  more  probably,  swallowing  only  the  smaller  fragments 
and  mud,  and,  having  extracted  from  them  such  nourishment 
as  they  may  contain,  casting  out  a  similar  product.  It  is 
curious  to  reflect  upon  the  similarity  of  action  of  these  worm- 
like SolothurioB  upon  the  sea-meadows  of  coral,  to  that 
which  the  Earthworms,  as  Darwin  has  shown,  exert  upon  our 
land-meadows  I 

In  the  Palaeozoic  period  reefs  like  those  which  have  just 
been  described  appear  to  have  abounded  in  our  own  latitudes  ; 
and  there  is  the  most  striking  superficial  resemblance  be- 
tween the  ancienb  beds  of  calcareous  rock  which  record  their 
existence,  and  the  masses  of  coral  limestone,  hard  enough  to 
clink  with  a  hammer,  which  are  now  being  formed  in  the 
Pacific,  by  the  processes  of  accumulation  of  coral  mud  and 
fragments,  and  their  consolidation  by  percolating  water. 
Closer  examination,  however,  shows  an  important  di£Perence 
in  the  nature  of  the  corals  which  compose  the  two  reefs.  The 
modern  limestones  are  made  up  of  Perforata^  Millepores, 
and  Aporosa,  The  ancient  ones  contain  Millepores,  but  usu- 
ally neither  Perforata  nor  Aporosa — both  these  groups  being 
replaced  by  the  Itugoaa^  none  of  whose  members  (with  some 
doubtful  exceptions)  have  survived  the  Palaeozoic  period. 
On  the  other  hand,  PaloBOcyclus  and  Pleurodictyon  are  the 
only  genera  belonging  to  the  Aporosa  or  Perforata^  which 
have  yet  been  discovered  in  strata  of  greater  than  mesozoic 
age. 

The  Ctbnophora.* — These  are  freely -swimming  marine 
animals,  which  never  give  rise  by  gemmation  to  compound 
organisms,  and  are  always  of  a  soft  and  gelatinous  consist- 
ence, their  chief  bulk  being  made  up  by  the  greatly -devel- 
oped mesoderm.     Many  are  oval  or  rounded  {Beroe^  Pleuro- 

1  AUman  ("  Monograph  of  the  Tabularian  Hydroids,"  1871,  page  3)  consid- 
ers that  the  GUnaphora  are  more  properly  arranged  among  the  Hydrozoa.  I 
confess,  however,  that  I  see  no  reason  to  depart  n-om  the  conclusion  to  which 
I  was  led  by  the  study  of  the  structure  of  Pleurobrachia^  many  years  ago,  that 
the  CUnopnora  are  peculiarly  modified  Ac^MMxoa* 
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braohiay  Fig.  31),  while  in  others  the  body  is  produced  into 
lobes  ( Callianira),  or  may  even  be  ribbon-shaped  (  Cestum)  ; 
but,  whatever  their  form,  they  present  a  distinct  bilateral 
symmetry,  similar  parts  being  disposed  upon  opposite  sides 
of  a  median  plane,  which  is  traversed  by  the  axis  of  the 
body.  The  mouth  is  situated  at  one  end  of  this  axis,  which 
may  be  termed  the  oral  pole.  At  the  opposite,  or  aboral 
pole,  there  is  no  median  aperture,  but  usually,  if  not  inva- 
riably, a  pair  of  apertures  a  short  distance  apart.  The  faces 
of  the  halves  of  the  body  present  four  longitudinal  bands  of 
long  and  strong  cilia,  disposed  in  transverse  rows,  like  so 
many  paddles ;  these  constitute  the  chief  organs  of  locomo- 
tion. Each  half  is  also  often  provided  with  a  long  retractile 
tentacle  ;  and  lobed  processes  of  the  body,  or  non-retractile 
tentacula,  may  be  developed  on  its  oral  face.  The  mouth 
leads  into  a  wide,  but  flattened,  gastric  sac,  the  aboral  end  of 
which  is  perforated,  and  leads  into  a  chamber  termed  the 
infuridibulum.  From  the  aboral  face  of  this,  a  canal  which 
bifurcates,  or  two  canals,  lead  to  the  aboral  apertures.  On 
opposite  sides  of  the  inf undibulum  a  canal  is  given  off  toward 
the  middle  of  each  half  of  the  body,  which  sooner  or  later 
divides  into  two,  and  these  two  again  subdivide,  so  that  four 
canals,  which  diverge  and  radiate  toward  the  inner  faces  of 
the  rows  of  paddles,  are  eventually  formed.  Having  reached 
the  surface,  each  radiating  canal  enters  a  longitudinal  canal, 
which  underlies  the  row  of  paddles,  and  may  give  off  branches, 
or  unite  with  the  other  longitudinal  canals  in  a  circular  canal 
at  the  aboral  end  of  the  body.  In  addition,  two  other  canals, 
which  run  parallel  with  each  flat  face  of  the  gastric  sao,  open 
into  the  infundibulum.  And,  when  retractile  tentacula  are 
present,  their  cavities  also  communicate  with  the  same  cham- 
ber. 

The  entire  system  of  canals  is  in  free  communication  with 
the  gastric  cavity,  and  corresponds  with^the  enterocoele  of 
an  Jictinia.  Indeed,  an  Actinia  with  only  eight  mesenter- 
ies, and  these  exceedingly  thick,  whereby  the  intermesenteric 
chambers  would  be  reduced  to  canals;  with  two  aboral  pores 
instead  of  the  one  pore,  which  exists  in  Cerean(hu% ;  and 
with  eight  bands  of  cilia  corresponding  with  the  reduced 
intermesenteric  chambers,  would  have  all  the  essential  pecu- 
liarities of  a  Gtenophoran. 

The  question  whether  the  Ctenophora  possess  a  nervous 
system  or  not  is  still  under  debate.  Between  the  aboral  aper- 
tures there  is  a  rounded    cellular  body,  on  which  there  is 
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seated,  in  many  cases,  a  aac  coataiaiiig  solid  particles,  like 
one  of  tie  bthocysts  of  the  medusifonn  Hydro2oa.  I  see  no 
reason  to  doubt  that  the  rounded  body  is  a  ganglion  and  the 
sac  a  rudimentary  auditory  organ.  Bands  which  radiate 
from  the  ganglion  to  the  rows  of  paddles  may  be  regarded 
as  nerves  ;  though  they  may  contain  other  than  neryous 
structures.' 

The  ova  and  spermatozoa  are  developed  in  the  lateral 
walls  of  the  longitudinal  canals,  which  correspond  with  the 
faces  of  the  mesenteries  in  the  CoraUigena,  and  the  sexes 
are  usually  united  in  the  same  individual. 


Fis.  n.— Dlafcnm  of  Fhiavbraehd<i.-~a.  montb  ;  A,  atoniMiti ;  e,  Infandlbolnni ;  d, 
horiKintsl  canal ;  e.  one  of  Its  hranclies  dlvldtni;  again  al  f  into  two  branchea 
which  open  InUi  Ihe  longHnilinal  canals,  g  g,  DBnllc]  witb  Hhlch  the  clUatsd 
ana  rang;  h,  sac  of  the  tentacle,  t.  with  one  of  Ub  branchen,  k;  I.  canal  nw 
Binif  by  the  aide  of  the  slomach ;  m,  lentacnHeetoni  canal ;  n  n,  canale  openlnit 
at  tbe  Rbanl  apertaree,  o,  on  each  aids  ot  p,  tbe  ganglton  and  lltbocjet. 

>  Grant  originally  deecnbed  a  nervous  gan^lionated  rin^,  whence  longitu- 
dinal corda  pnn»eded  in  Cydippi  {PlffurobracMa),  but  hie  obaorvatjon  has  not 
been  verilied  by  subsequent  investigators.  Acording  to  Milne-Ed  wards,  fol- 
lowed by  others  (amonj;  whom  I  must  include  myself],  the  nervous  syHtem 
oonaiata  of  a  ganglion,  situated  at  the  abonil  pole  oi"  the  body,  whence  norvos 
radiate,  the  most  conspicuous  of  which  are  eight  cords  which  run  down  tbe 
oorrosponding  series  of  paddJea ;  and  a  sensory  organ,  havine  the  obaraoters 
of  an  otolithic  aac,  is  seated  upon  the  ganglion.  Agsssii  and  KoUikcr,  on  the 
other  hand,  have  denied  that  (be  appeantnoes  described  (though  they  really 
exist)  are  justly  interpreted.  And  again,  though  the  hody,  described  as  aa 
otolithic  sac,  undoubtedly  eiista  in  the  position  indicated  in  all  or  most  of  tbe 
CXmophora,  the  question  haa  been  raised  whether  it  is  an  auditory  or  visual 

These  problems  have  been  recently  reinvestigated  with  great  care,  and  by 
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The  development  of  the  Ctenophora  has  recently  been 
thoroughly  investigated  by  Kowalewsky  and  by  A.  Agassiz 
("  Memoirs  of  the  American  Academy  of  Arts  and  Sciences," 
1874). 

The  laid  egg  is  contained  in  a  spacious  capside,  and  con- 
sists of  an  external  thin  layer  of  protoplasm,  which,  in  some 
cases,  is  contractile,  investing  an  inner  vesicular  substance. 
After  fecundation,  the  vitellus  thus  constituted  divides  into 
two,  four,  and  finally  eight  masses  ;  on  one  face  of  each  of 
these  the  protoplasmic  layer  accumulates,  and  is  divided  off 
as  a  blastomere  of  much  smaller  size  than  that  from  which  it 
arises.  By  repeated  division,  each  of  these  gives  rise  to  still 
smaller  blastomeres,  which  become  distinctly  nucleated  wlien 
they  have  reached  the  number  of  thirty-two,  and  form  a 
layer  of  cells,  which  gradually  spreads  round  the  large  blas- 
tomeres, and  invests  them  in  a  complete  blastodermic  sac. 
At  the  pole  of  this  sac,  on  the  face  opposite  to  that  on  which 
these  blastoderm-cells  begin  to  make  their  appearance,  an 
ingrowth  or  involution  of  the  blastoderm  takes  place,  which, 
extending  through  the  middle  of  the  large  yelk-masses  tow- 
•ard  the  opposite  pole,  gives  rise  to  the  alimentary  canal. 
This,  at  first,  ends  by  a  rounded  blind  termination  ;  but  from 
it,  at  a  later  period,  prolongations  are  given  off  which  be- 
come the  canals  of  the  enteroccele. 

At  the  opposite  pole,  in  the  centre  of  the  region  corre- 
sponding with  that  in  which  the  cells  of  the  blastoderm  first 
make  their  appearance,  the  nervous  ganglion  is  developed  by 
metamorphosis  of  some  of  these  cells. 

The  invaginated  portion  of  the  blastoderm,  which  gives 
rise  to  the  alimentary  canal,  appears  to  answer  to  the  hypo- 
blast, while  the  rest  corresponds  with  the  epiblast.  The 
large  blastomeres  which  become  inclosed  between  the  epi- 
blast and  hypoblast  in  the  manner  described  seem  to  serve 
the  purpose  of  a  food-yelk ;  and  the  space  which  they  origi- 
nally occupied  is  eventually  filled  by  a  gelatinous  connective 
tissue,  which  possibly  derives  its  origin  from  wandering  cells 
of  the  epiblast. 

In  those  Ctenophora  the  bodies  of  which  depart  widely 
from  the  globular  form  in  the  adult  state,  the  young  undergo 
a  sort  of  metamorphosis  after  they  leave  the  Qgg,  and  have 
acquired  all  the  essential  characters  of  the  group  to  which 
they  belong. 

As  might  be  expected  from  their  extreme  softness  and 
perishable  nature,  no  fossil  Ctenophora  are  known. 


CHAPTER  IV. 

THE  TUBBELLABIA,  THE  BOTIFEBA,  THE  TBEMATODA,  AND  THE 

CESTOIDEA. 

The  Turbellaria. — The  animals  which  constitute  this 
group  inhabit  fresh  and  salt  water  and  damp  localities  on 
land.  The  smallest  are  not  larger  than  some  of  the  Infusoria^ 
which  they  approach  very  closely  in  appearance,  while  the 
largest  may  attain  a  length  of  many  feet.  Some  are  broad, 
flattened,  and  discoidal,  wliile  others  are  extremely  elongated 
and  relatively  narrow.  None  are  divided  into  distinct  seg- 
ments, except  the  genus  Alaurhia^  in  which  there  are  four ; 
and  the  ectoderm,  which  constitutes  the  outer  surface  of  the 
body,  is  everywhere  beset  with  vibratile  cilia.  Rod-like 
bodies,  similiar  to  those  met  with  in  some  Infusoria  and  in 
many  Annelida^  are  often  imbedded  in  its  substance,  and  in 
some  genera  (e.  g.,  MicroBtomum^  Thysanozodn)  true  thread- 
cells  occur.  Stiff  setae  project  from  the  ectoderm  in  some 
species. 

The  aperture  of  the  mouth  is  sometimes  situated  at  the 
anterior  end  of  the  body,  sometimes  in  the  middle,  or  toward 
the  posterior  end,  of  its  ventral  face.  In  many,  the  oral 
aperture  is  surrounded  by  a  flexible  muscular  lip,  which  some- 
times takes  on  the  form  of  a  protrusible  proboscis. 

A  definite  digestive  cavity  can  hardly  be  said  to  exist  in 
the  lowest  Turbellaria  (e.  g.,  Convoluta)  in  which  the  endo- 
dermal  cells  are  not  arranged  in  such  a  manner  as  to  bound  a 
central  alimentary  cavity,  and  the  food  finds  its  way  through 
the  interstices  of  an  endodemial  parenchyma.  In  the  higher 
forms,  the  alimentary  cavity,  which  may  be  simple  or  rami- 
fied, provided  with  an  anal  aperture  or  without  one,  is  lined 
by  the  endoderm,  between  which  and  the  ectoderm  is  an  in- 
terspace more  or  less  completely  occupied  by  the  connective 
and  muscular  tissues  of  the  mesoderm.  Hence  there  is  no 
definite  perivisceral  cavity. 
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The  TurbeUaria  possess  vessels  of  two  kinds :  1.  Water- 
vessels^  which  open  externally  by  one  or  more  pores,  and  are 
ciliated.  When  these  vessels  are  present,  there  are  usually 
two  chief  lateral  trunks,  from  which  many  branches  are  given 
off.  It  is  probable  that  the  ultimate  ends  of  these  branches 
open  into  lacunar  interspaces  between  the  elements  of  the 
tissues  of  the  mesoderm.  2.  JPseud-hoemal  vessels,  which  ap- 
pear to  form  a  closed  system,  usuallv  consisting  of  one  median 
dorsal  and  two  lateral  trunks,  which  anastomose  anteriorly 
and  posteriorly.  The  walls  of  these  vessels  are  contractile 
and  not  ciliated,  and  their  contents  are  clear,  and  may  be 
colored.  These  two  systems  of  vessels  have  been  shown  by 
Schulze  to  coexist  in  Tetrastemma.  The  nervous  system  con- 
sists of  two  ganglia  placed  in  the  anterior  end  of  the  body, 
from  which,  in  addition  to  other  branches,  a  longitudinal  cord 
extends  backward  on  each  side  of  the  body.  In  some  cases, 
these  lateral  trunks  exhibit  ganglionic  enlargements,  from 
which  nerves  are  given  off;  and  they  may  become  approxi- 
mated on  the  ventral  side  of  the  bod}",  thereby  showing  a 
tendency  to  the  formation  of  the  double  ganglionated  chain 
characteristic  of  higher  worms.  Most  possess  eyes,  and  some 
have  auditory  sacs.  The  Ihirbellaria  are  both  monoecious 
and  dioecious,  and  the  reproductive  organs  vary  from  the 
utmost  simplicity  of  structure  to  considerable  complexity. 
In  most,  the  embryo  passes  by  insensible  gradations  into  the 
form  of  the  adult,  but  some  undergo  a  remarkable  metamor- 
phosis. 

The  TurbeUaria  are  divisible  into  two  groups.  In  the  one, 
the  Aprocta,  the  digestive  cavity  is  csecal,  having  no  anal 
aperture  ;  in  the  other,  the  Proctucha,  it  is  provided  with  an 
anal  opening.  The  two  groups  form  parallel  series,  in  each 
of  which  organization  advances,  from  forms  which  are  little 
more  than  gastrulae  provided  with  reproductive  organs,  to 
animals  of  relatively  high  organization.  In  the  simplest  of 
the  Aprocta,  such  as  Macrostomum^  the  oral  opening  is 
devoid  of  any  protrusible  muscular  proboscis,  and  the  aliment- 
ary sac  is  a  simple  straight  bag.  The  male  and  female  gen- 
erative organs  are  united  in  the  same  individual,  and  each 
consists  of  an  aggregation  of  cells;  which,  in  the  former  case, 
gradually  enlarge,  fill  with  yelk-granules,  and  become  ova; 
while,  in  the  latter,  they  are  converted  into  spermatozoa. 
The  generative  cells  are  contained  within  a  sac,  which  opens 

1  E.  Van  Beneden,  **  Recherohes  sur  la  Composition  et  la  Signification  de 
rCEuf,"  1870,  p.  64. 
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ezteroally  by  a  median  pore  on  the  oral  face  of  the  body,  the 
male  aperture  being  posterior  to  the  female.  The  margins  of 
the  male  aperture  are  produced  into  a  curved  prominence,  the 

Those  Tarheliaria  which  resemble  Macrostomum  in  having 
a  straight,  simple  digestive  cavity,  are  termed  Mhabdoecela. 
They,  for  the  most  part,  possess  a  buccal  proboscis,  which  is 
capable  of  being  protruded  from,  or  retracted  into  a  chamber 


Via.  SL—OpMAanMm  (Ktlnr  8cbDlze|.— a,  ceotral  nerToan  Bj»tem;  nmlflatlonii  of 
the  s™ier-™s9alB  »™  teea  cloifl  to  it;  b.  moalb;  c,  probcxcls;  d,  teswn;  «,  t«sb 
id  Hpertarsj  1,  vsj(lniij  h,  sper- 


formed  by  the  walls  of  the  oiroum-oral  region  of  the  body 
-  .  33, 1).  * 

n  some  (e.  g.,  Proatotnum)  the  anterior  end  of  the  body  ia 


(Fig.  38,  c). 
Ins< 
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provided  with  a  second  hollow  muscular  proboscidiform  organ, 
which  may  be  termed  the  frontal  proboscis. 

In  all  the  higher  rhabdocoelous  Ihirbellaria,  the  female 
generative  apparatus  becomes  complicated  by  the  presence 
of  a  special  gland,  the  viteUarium  (Fig.  32,  m),  in  which  an 
accessory  vitelline  substance  is  formed^  There  is  a  single  or 
double  germarium  (Fig.  32,  /),  having  nearly  the  same  struct- 
ure as  the  ovary  of  Macrostomum^  and  the  ova  are  formed 
in  it  in  the  same  way.  When  detached,  however,  they  con- 
tain no  vitelline  granules  ;  but  the  two  vitellaria,  which  are 
long  and  simple  or  branched  tubes,  open  into  the  oviduct ; 
and  the  vitelline  matter  which  they  secrete  envelops  the 
proper  ovum,  and  becomes  more  or  less  fused  with  it,  as  it 
passes  into  the  uterine  continuation  of  the  oviduct  connected 
with  the  outer,  or  vaginal,  end  of  the  uterus.  There  is  usually 
a  spermatheca,  or  receptacle  for  the  seminal  fluid  (Fig.  32,  A;), 
and  the  eggs,  after  impregnation,  are  inclosed  within  a  hard 
shell  (Fig.  32,  n).  The  testes  and  vasa  deferentia  (Fig.  32, 
dy  e)  generally  have  the  form  of  two  long  tubes.  The  penis 
is  often  eversible  and  covered  with  spines  (Fig.  32,  g). 

In  some  genera  a  difference  is  observed  between  the  eggs 
produced  in  summer,  which  have  a  soft  vitelline  membrane, 
and  those  produced  later.  These  so-called  winter  ova  have 
hard  shells. 

The  water-vascular  system  consists  of  lateral  trunks, 
which  open  by  a  terminal  pore,  or  by  many  pores,  and  give 
off  numerous  ramifications.  They  are  not  contractile,  but 
their  inner  surface  is  ciliated. 

Many  of  the  Mhabdocoda  multiply  by  transverse  fission  ; 
and,  in  the  genus  Ca;tenula^  the  incompletely  separated  ani- 
mals produced  in  this  way  swim  about  in  long  chains. 

The  vitellus  of  the  impregnated  ovum  undergoes  complete 
yelk-divison,  and  the  embryos  pass  directly  into  the  form  of 
the  parent ;  but  the  precise  nature  of  the  steps  of  the  devel- 
opmental process  requires  further  investigation.  However, 
there  seems  little  reason  to  doubt  that  the  ectoderm  and  en- 
doderm  are  formed  by  delamination. 

In  the  remaining  Aprocta^  termed  Dendrocoda^  the  diges- 
tive cavity  gives  off  many  csecal,  frequently  branched,  pro- 
cesses into  the  mesoderm,  one  of  which  is  always  median  and 
anterior  (Fig.  33)  ;  and  the  mouth  is  always  provided  with  a 
proboscis.  Some  {JProcotyld)  have  a  frontal  proboscis,  and 
others  (JSdellura)  a  posterior  sucker.     The  animals  commonly 
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known  as  Flanartce  belong  to  this  division.     Some  are  ma- 
rine, some  fresh-water,  and  some  terrestrial. 

In  the  fresh-water  forms,  the  female  reproductive  appa- 
ratus has  a  distinct  vitellarium,  as  in  the  higher  Rkabdoecela, 
and  there  is  only  one  common  genital  aperture.  But,  in  the 
marine  IHanari<e  (Fig.  33),  there  is  no  vitellarium ;  the  ova- 
ries and  testes  are  numerous,  and  scattered  tlirough  the  meso- 
derm, being  connected  with  the  exterior  by  ramifications  of 
the  oviducts  and  of  the  vasa  deferentia.  A  ramified  gland, 
which  secretes  a  viscid  albumen  or  envelope  for  the  eggs, 


Fie,  SS.—Pol«celu  {Leplmimat  laBigaia  (after  QaalrofBcr!).— o,  moDth;  6,  bncc^ 
wvltv  ecetopbageHr  orifice  ;  d,  Btomach  ;  e.  rHmmrjiIlang  ol  gRtlric  CKC*;  /, 
flaiiglia:  o,  leBies;  A,  YMlcolKBeiDiiuilea:  i,  nwlegenllatCBnalandpenia  ;  *,  o»l- 
dacM;  /,  epermathfCBldflaUllonat  (belrjuDCUon;  fn,Ti]lvs. 

opens  into  the  vagina,  and  the  female  is  distinct  from  the 
male  aperture.     Flanaria  dtoica  is  unisexual. 

In  some  of  the  PlanarttB  there  are  distinct  water- vascular 
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canals  of  the  ordinary  kind ;  but  in  the  land  Planarians  ^  two 
iijBarly  simple  canals,  occupied  by  a  spongy  tissue,  and  the 
connection  of  which  with  the  exterior  has  not  been  observed, 
occupy  the  place  of  the  water- vessels. 

The  fresh-water  PlanaricBy  like  the  Hhahdoccda^  undergo 
no  metamorphosis  in  the  course  of  their  development  ;  and 
the  like  is  true  of  some  of  the  marine  Dendrocoda.  Kefer- 
stein*  has  carefully  worked  out  the  development  of  Lepto- 
plana  {Poly  celts).  The  vi  tell  us  undergoes  division  first  into 
two  and  then  into  four  equal  blastomeres  ;  next,  from  one 
surface  of  these  four  blastomeres,  four  small  segments  are,  as 
it  were,  pinched  off.  These  divide  rapidly,  and  form  a  blas- 
toderm, which  grows  over  the  more  slowly  dividing  large  seg- 
ments, and  eventually  incloses  them.  So  far,  the  process  is 
verv  similar  to  that  which  has  been  described  in  the  Cteno- 
phora.  But  though  Keferstein  describes  and  figures  the 
various  stages  by  which  the  globular  ciliated  embryo  attains 
the  form  of  the  adult,  neither  his  description  nor  the  figures 
enable  one  to  say  whether  the  alimentary  cavity  arises  by  de- 
lamination  or  by  invagination,  nor  to  trace  the  mode  of  origi- 
nation of  the  buccal  proboscisough,  th  this  organ  is  one  of 
the  first  to  make  its  appearance,  and  its  aperture  becomes  the 
future  mouth. 

In  some  of  the  marine  PlanarioBy  however,  the  embryo, 
when  it  leaves  the  egg,  differs  very  widely  from  the  adult. 
Johannes  MuUer  described  such  a  larva,  in  which  the  body  is 
provided  with  eight  lobes  or  processes,  one  ventral  and  median 
in  front  of  the  mouth,  three  lateral,  and  one  dorso-median. 
The  edges  of  these  processes  are  fringed  by  a  continuous 
series  of  cilia,  which  pass  fro:n  one  process  on  to  another,  so 
as  to  form  a  complete  circlet  round  the  body.  The  successive 
working  of  the  cilia  forming  this  lobed  transverse  girdle  of  the 
body  produces  the  appearance  of  a  rotating  wheel,  as  in  the 
Rotifera,  The  eyes  are  situated  on  the  aboral  face  of  the 
embryo,  in  front  of  the  ciliated  circlet,  while  the  mouth  opens 
immediately  behind  it.  As  development  proceeds,  the  lobes 
disappear,  and  the  body  takes  on  the  ordinary  Planarian 
character. 

As  will  be  seen,  some  of  the  Proctucha  have  larv8B  simi- 
larly provided  with  a  prae-oral  ciliated  zone ;  and   larvae  of 

*  Moselev,  "  On  the  Anatomy  and  Histology  of  the  Land  Planarians  of  Cey- 
lon."   ('*  Philosophical  Transactions,"  1873.) 

^  ^^  Beitrage  zur  Anatomie  und  Entwickelungsgeschichte  einiger  See-Plana- 
rien,"  1868. 
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the  same  fundamental  type  abound  Avaong  the  polyehtetous 
Ajinelida,  the  ikhinodermata,  aod  the  MoUwsca. 


Kirtlon  of  proboecis ;  e,  posterior  maBCUlar  psrt,  fixed  to  tlie  pBriatw!  Uf;  g,  In- 
ttinej  h,  DDill  apertare  ;  1,  mter-TesielH :  t.  rhythmically  contncdnK  TsaielB. 
(After  SclinlEe.)  B,  anlerior  eitminlty  of  ibe  everted  prnboBcis  of  lelrailemma, 
ezblbltlDK  the  principal  and  the  reserve  slltete.    (After  Schulze.) 

The  lowest  Proctucka,  such  as  JUicroalormim,  have  no 
frontal  proboscis  (whence  they  are  termed  Arhi/nekia),  and 
they  differ  very  little  from  the  lowest  Rkahdocoda,  save  in  the 
fact  that  there  is  an  anus,  and  that  the  sexes  are  distinct. 
But  all  the  other  I'roctucha  (Rhynchocxla,  or  Nemerteans) 
are  provided  with  a  frontal  proboBcis,  which  Bometimes  oc- 
cupies the  greater  part  of  the  len^h  of  the  body  (E'ig.  34). 
It  has  special  retractor  muscles,  and  its  internal  surface  is 
either  merely  papillose,  or  may  possess  a  peculiar  armature, 
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consisting  of  a  sharp  cbitinous  style  (Fig.  34,  -B).  There  is 
no  buccal  proboscis,  but  the  mouth  ^eads  into  a  long,  straight 
intestine,  with  short,  lateral,  caecal  dilatations/ 

The  Proctucha  usually  present  only  the  pseud-hsemal  ves- 
sels, though,  as  has  been  mentioned  above,  Schulze  found  water- 
vessels  coexisting  with  them  in  Tetrastemma  (Fig.  34). 

The  nervous  system  of  the  I^octucha  is  like  that  of  the 
Aprocta  ;  but,  in  correspondence  with  the  often  extreme  elon- 
gation of  the  body,  the  backwardly  prolonged  cords  are  very 
stout.  Moreover,  the  ganglia  are  united  by  an  additional 
commissure  over  the  proboscis,  which  thus  traverses  a  ner- 
vous ring.  In  some,  the  lateral  cords  approach  one  another 
on  the  ventral  aspect  of  the  body,  and  ganglionic  enlarge- 
ments appear  where  the  nerves  are  given  off,  thus  present- 
ing an  approximation  to  the  double  ganglionated  chain  of 
higher  forms. 

In  addition  to  eyes,  almost  all  the  Proctucha  possess  two 
ciliated  fossae,  one  on  each  side  of  the  head  (Fig.  34,  hh)^ 
which  receive  nerves  from  the  ganglia.  Occasionally  two 
otolithic  vesicles  are  attached  to  the  cerebral  gangHa. 

The  Proctucha  are  almost  always  dioecious.  The  sitnple 
reproductive  glands  are  lodged  in  the  intervals  between  the 
saccular  dilatations  of  the  intestine,  and  the  ova  and  sper- 
matozoa usually  make  their  way  out  by  the  dehiscence  of 
the  integument.  In  some,  however,  the  embryos  are  devel- 
oped in  the  ovarian  sacs,  or  in  the  cavity  of  the  body.  In 
most  of  the  Proctucha^  the  Q^'g^  after  passing  through  the 
morula  stage,  acquires  an  alimentary  cavity,  apparently  by 
delaminatioD,  and  passes,  without  other  metamorphosis  than 
the  shedding  of  a  ciliated  outer  investment,  into  the  form  of 
the  adult. 

Prof.  A.  Agassiz*  has  described  a  free-swimming  lai-va, 
the  broad  anterior  end  of  the  body  of  which  is  surrounded 
by  a  zone  of  cilia,  immediately  behind  which  the  mouth  opens  ; 
while  around  the  anal  aperture,  at  the  narrow  posterior  end, 
is  a  second  circlet  of  cilia.  This  larva  exactlv  resembles 
those  forms  of  polychaetous  Annelidan  larvae  which  are  called 
Telotrocha,  As  in  these  Annelids,  the  region  of  the  body 
which  lies  between  the  two  ciliated  rings  elongates  and  be- 
comes segmented,  while  a  pair  of  eyes  and  two  short  tenta- 

»  For  the  oroanization  of  the  Rhynchocoele  ThirbeUaria,  or  NemerteanSf  see 
Dr.  C.  Mcintosh's  elaborate  monograph  lately  published  by  the  Ray  Society. 

3  "  On  the  Young  Stages  of  a  lew  Annelids."  (Annals  of  the  Lyceum  of 
New  York,  1864.) 
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oles  are  developed  on  the  head  in  front  of  the  prse^ral  ciliated 
band.  But,  as  development  advsncea,  the  segmentation  be- 
comes obliterated,  the  ciliated  bands  and  the  feelers  vanisb, 
and  the  worm  assumes  the  characters  of  a  Nemertean.' 


as.  YoangFUidium:  a.  oUmrjDUiT  ransi ;  b.  radimentaf  IheNeiDcrteni. 

86.  PWtfluin  wUba  moreadTsaced I4«meruna. 

87.  Mewly-^eedNemertsan. 

In  species  of  the  genus  Ijineus,  the  ciliated  embryo  which 
leaves  the  egg  is  speedily  converted  into  a  body  like  a  helmet 
with  ear-lappets,  and  having  a  tuft  of  cilia  in  place  of  a  plume 

'  It  ia  very  pmbable,  however,  that  this  larva  belontfs  to  the  nenus  Iblggor- 
dira,  vhich  appears  to  bo  an  annectent  Torm  between  the  TurkeUaria  and  athei 
mupfl.  See  Schneider,  "Ueber  Bau  und  Eiitwiokelung  von  PolyKordioB." 
("  Arohiv  fur  Anatoinie  und  PhyMologie,"  1888.) 
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(Fig.  35).  The  lappets  are  fringed  with  long  dHa^  and  be- 
tween them,  where  the  head  would  fit  into  a  helmet,  is  the 
aperture  of  a  mouth,  which  leads  into  a  csecal  pouch-like  ali- 
mentary cavity.  Tbis  larva  was  named  by  Mliller,  who  dis- 
covered it,  JPilidium  gyrans.  On  each  side  of  the  ventral 
face  of  the  Pilidium^  two  involutions  of  the  integument  take 
place.  Aggregations  of  cells  in  relation  with  these,  and 
probably  forming  part  of  the  mesoblast,  appear,  eventually  in- 
close the  alimentary  canal  of  the  Pilidium^  and  give  rise  to 
an  elongated  venniform  body,  in  which  the  characteristic  feat- 
ures of  a  Nemertean  soon  become  discernible  (Fig.  36).  The 
worm  thus  developed  becomes  detached  (Fig.  37)  and  falls  to 
the  bottom,  carrying  with  it  the  alimentary  canal  of  the  Pi- 
lidium^  and  leaving  the  ciliated  integument  to  perish. 

In  this  remarkable  process  of  development  the  formation 
of  the  Nemertean  body  may  be  compared,  on  the  one  hand, 
to  that  of  the  segmented  mesoblast  in  Annelida  and  Arthro- 
poda^  and,  on  the  other,  to  that  of  an  Echinoderm  (especially 
£Jchimi8)j  within  its  larva. 

The  Rotifera. — The  "  wheel-animalcules,"  as  they  were 
termed  by  the  older  observers,  on  account  of  the  appearance 
of  rotation  produced,  as  in  many  Annelid  larvae,  by  the  work- 
ing of  the  vibratile  cilia  with  which  the  oral  end  of  the  body 
is  provided,  were  formerly  included  among  the  Infusoria, 
However,  they  are  true  Metazoa^  as  their  vitellus  undergoes 
division  into  blastomeres,  and  the  tissues  of  the  body  are  pro- 
duced by  the  metamorphosis  of  the  cells  into  which  the  blas- 
tomeres are  converted.  They  are  free  or  adherent,  but  never 
absolutely  fixed  animals,  and  they  do  not  multiply  by  gem- 
mation or  fission.  The  oral  end  of  the  body  is  usually  broader 
than  the  opposite  extremity,  and  presents  the  form  of  a  disk, 
sometimes  produced  into  tentacle-like  prolongations  (Fig.  39), 
The  edges  of  this  trochal  disk  are  fringed  with  long  cilia,  but 
the  general  surface  of  the  body,  instead  of  being  ciliated, 
as  in  the  Turbellaria^  is  formed  by  a  dense,  generally  chiti- 
nous,  cuticular  layer,  which  is  sometimes  converted  into  a  kind 
of  shell  and  variously  sculptured.  Transverse  constrictions, 
which  are. slight  in  the  anterior  part  of  the  body,  but  may 
become  more  marked  toward  its  posterior  end,  give  rise  to  an 
imperfect  segmentation.  The  segments  do  not  appear  to  ex- 
ceed six,  and  the  divisions  are  less  marked  in  the  tubicolous 
than  in  the  free  Rotifera,  The  mouth  is  a  funnel-shaped 
cavity,  situated  in  the  middle,  or  on  one  side,  of  the  trochal 
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disk.  The  walls  of  this  cavitv  are  abundantly  ciliated,  and 
at  the  bottom  is  a  muscular  pharynx,  or  mastax^  provided 
with  a  peculiar  armature.  Sometimes,  as  in  Stephanoceros^  a 
large  crop-like  cavity  lies  between  the  mouth  and  the  mas  tax, 
and  the  aperture  of  communication  between  this  crop  and 
the  mouth  is  guarded  by  a  valve  formed  by  two  broad  mem- 
branous folds  which  project  into  the  cavity  of  the  crop.  The 
armature  of  the  mastax  generally  consists  of  four  pieces — two 
lateral,  the  mallei,  and  two  central,  constituting  the  incus. 
The  contraction  of  the  muscular  masses,  to  which  the  mallei 
are  attached,  causes  the  free  ends  of  the  latter  to  work  back- 
ward and  forward  upon  the  incus,  and  crush  the  prey  which 
is  taken  into  the  mouth.* 

A  short  oesophagus,  provided  with  cilia  or  vibratile  mem- 
branes, leads  into  a  digestive  cavity  bounded  by  the  endo- 
derm.  The  anterior  or  gastric  part  of  this  cavity  is  usually 
dilated,  and  gives  off  a  large  caecum  on  each  side.  The  pos- 
terior, narrower,  intestinal  part  usually  opens  externally  by  a 
cloacal  chamber ;  but,  in  some  Rotifers  (e.  g.,  JVotommata), 
the  alimentary  cavity  is  a  blind  sac,  devoid  of  intestine  or 
anus  ;  and  in  the  males,  so  far  as  the}'  are  known,  the  whole 
alimentary  canal  is  aborted  and  represented  by  a  solid  cord. 

A  spacious  perivisceral  cavity  occupies  the  interval  be- 
tween the  walls  of  the  alimentary  canal  and  the  parietes  of 
the  body.  The  latter  contains  circular  and  longitudinal  mus- 
cular fibres,  which  may  be  smooth  or  striated. 

Opening  into  the  cloaca  there  is  usually  a  large  thin-walled 
vesicle  with  rhythmically  contractile  walls  ;  and,  in  connection 
with  this,  are  two  delicate  water-vessels,  which  pass  forward, 
often  giving  off  short  lateral  branches,  and  eventually  break 
up  into  numerous  ramifications  in  the  trochal  disk.  The 
branches  are  open  at  the  ends,  whereby  the  cavities  of  the 
water-vessels  are  in  communication  with  the  perivisceral  cav- 
ity on  the  one  side,  and  with  the  surrounding  water  on  the 
other.  Here  and  there,  in  the  course  of  the  main  trunks  and 
at  the  ends  of  the  branches,  long  cilia,  which,  by  their  con- 
stant undulation,  give  rise  to  a  flickering  motion,  are  situated. 

The  nervous  system  is  represented  by  a  relatively  large 
single  ganglion  placed  on  one  side  of  the  body,  near  the  tro- 
chal disk.  One  or  more  eye-spots  are  sometimes  seated  on 
the  ganglion,  and  there  are  other  organs  which  appear  to  be 

»  See,  for  the  various  forms  of  this  apparatus,  Gosse,  "  On  the  Structure. 
FunctioDB,  and  Homolo^es  of  the  Manducating  Apparatus  in  the  JioH/era,^* 
(Philosophioal  Transactions,  1855.) 
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sensory.  Such  are  the  ciliated  pit  and  the  spur-like  proceee 
(ccdcctr)  or  processes,  provided  at  the  end  with  a  tuft  of  setee, 
which  occur  in  many  Rotifers,  and  are  more  or  less  closely 
connected  with  the  ganglion.  In  some  there  is  a  sac  filled 
with  calcareous  matter  (ot^yst?)  attached  to  the  ganglion. 


;,  WBUr-veg^elg;  i,  untry ; /.  KancUan.    £,  mala  :  a.  peoli;  b,  ccmtnwllle  veelela  ; 
e,  teatla  ;  /,  gaaglioo ;  g,  HtigerouB  pit. 

The  ovarium  and  the  testis  are  simple  glands'which  open 
into  the  cloaca,  and  are  always  placed  in  distinct  individuals. 
All  the  males  at  present  known  differ  from  the  females  in  be- 
ing much  smaller,  and  in  their  digestive  canal  being  arrested 
in  its  development.  The  males  copulate  with  the  females, 
and  the  eggs  are  sometimes  attached  to,  and  carried  about  by, 
the  latter — e.  g.,  Sraahionus. 

In  some  Rotifers,  the  e^;s  are  distinguishable,  as  in  cer- 
tain TurbeUaria,  into  summer  and  winter  ova.  The  latter 
are  inclosed  in  a  peculiar  shell.  In  Lacimdaria,  it  appeared 
to  me  that  the  winter  ova  were  segregated  portions  of  the 
ovarium,  and  that  they  were  probably  developed  without  im- 
pregnation.    Cohn,  on  the  contrary,  has  given  reasons  for  be- 
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lieving  that  the  summer  ova  are  occasionally,  if  not  alwa3^s, 
developed  without  fecundation,  and  that  it  is  the  winter  ova 
which  are  fecundated. 

The  egg  undergoes  complete  yelk-division,  and  the  em- 
bryo gradually  passes  into  the  adult  form.  The  blastomeres 
are  soon  of  unequal  sizes,  and  the  smaller,  as  an  epiblast,  in- 
vest the  larger,  which  form  the  hypoblast. 

Salensky's  *  recent  observations  on  ^rachionics  urceolaris 
show  that  a  depression  arises  on  one  face  of  the  epiblast  and 
that  the  antero-lateral  parts  of  this  depression  are  converted 
into  the  trochal  disk,  while  its  median  posterior  part  grows 
ou  t  into  the  "  foot ;  "  aud  he  points  out  the  resemblance  of 
the  embryo  in  its  early  stages  to  that  of  some  Gasteropods. 

An  involution  of  the  epiblast  at  the  bottom  of  the  depres- 
sion gives  rise  not  only  to  the  oral  chamber,  but  also  to  the 
mastax ;  eventually  communicating  with  the  gastro-intestinal 
division,  which  is  developed  out  of  the  hypoblast.  The  gan- 
glion is  a  product  of  the  epiblast. 

Some  of  the  modifications  of  the  general  structure  thus 
described,  which  occur  in  the  different  groups  of  the  Motif e- 
ra,  are  of  considerable  interest. 

Thus,  in  the  tubicolous  forms,  the  body  is  elongated  and 
terminated  posteriorly  by  a  discoidal  surface  of  adhesion. 
The  animals  (of  which  a  number  are  often  associated  together), 
fixed  by  this  disk,  inclose  themselves  in  cases,  the  foundation 
of  which  is  a  gelatinous  secretion.  The  intestine  is  bent 
upon  itself  (IJacinularia,  Fig.  39,  II.),  and  opens  upon  the 
face  of  the  body  opposite  to  that  upon  which  the  ganglion  is 
placed.  The  peduncle  of  attachment  is  therefore  a  process  of 
the  neural  face  of  the  body.  In  these  Motif  era  the  trochal 
disk  is  sometimes  produced  into  long  ciliated  tentacula, 
which  surround  the  mouth  symmetrically  (Stephanoceros^ 
Fis:.  39,  v.),  or  its  edges  may  be  provided  with  two  circlets  of 
cilia,  one  in  front  of,  and  the  other  behind,  the  oral  aperture  ; 
and  it  may  be  bilobed  or  horseshoe-shaped,  as  in  Mdicerta^ 
and  Lacinularia  '  (Fig.  39,  I.,  II.). 

In  the  free  Rotifers,  the  body  may  be  rounded,  sac-like, 
and  devoid  of  appendages,  as  in  the  genus  Asplanchna,  which 
has  neither  anus  nor  intestine.  In  Alhertia  and  Lindia^  on 
the  other  hand,  the  body  is  elongated  and  vermiform.  Most 
of  the  free  JRotifera  (Fig.  38)  are  provided  with  a  segmented 

» Zeitschriftfur  wiss.  Zooloqie^  1872. 

3  Huxley,  Lacinularia  sociatis.    (Transactions  of  the  Microscopical  Society, 
1851.) 
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and  sometitQea  telescopically- jointed  "  foot,"  uaiially  termi* 
nated  by  two  styles,  which  can  be  approximated  or  divari- 


oated  like  pincers,  and  serve  to  anchor  the  body.  Thia  foot 
is  a  mediHi)  process  of  that  face  cf  the  body  which  is  opposite 
to  that  on  which  the  ganglion  is  placed,  so  that  it  is  not  the 
homologiie  of  the  peduncle  of  the  tubicolous  forms. 

Polyarthra  and  Triarthra  possess  long,  symmetrically  ar- 
ranged, movably  articulated  setae  ;  and  Pedalion  has  median 
appendages  proceeding  from  both  the  neural  and  the  opposite 
faces  of  the  body,  as  well  as  lateral  appendages. 

In  most  of  the  free  Rotifers  the  troclial  disk  is  large  ;  it 
may  be  bilobed  or  folded  upon  itself  (Fig.  39,  III.),  or  its  sur- 
feoe  may  give  rise  to  ciliated  processes  (Fig.  39,  IV.).  In 
Alberiia  and  Notommata  tardigrada,  however,  the  trochal 
disk  is  reduced  to  a  small  ciliated  lip  around  the  oral  aper- 
ture;  and  there  is  no  trochal  disk  in  Apsilue,  Zindia,  Ta- 
phrocampa,  and  Bcdatro.  Some  few  Rotifera  are  parasitic. 
Thus  Alberlia  is  an  entoparasite,  and  Balatro  an  ectopara- 
site, upon  oligochietous  Annelids. 

Under  the  name  of  Qaeterotrtcha,  MetschnikofE  and  Cla- 
par^de  '  include  the  ciirious  aquatic  genera  ChcBtonotus,  Ich- 
tkydium,  Chmtura,  Cephalidium,Dasyditis,  TurbaTiella,  and 
Hemidaays,  the  last  of  which  alone  is  marine.  These  animals 
have  been  united  with  the  Rotifera,  but  they  differ  from  them 
in  the  absence  of  a  niastax  and  in  the  disposition  of  the  cilia, 
which  are  restricted  to  the  ventral  surface  of  the  body.     It 
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appears  probable  that  they  form  an  annectent  group  between 
the  Motif  era  and  the  Turbellaria,  which  last  approach  the  jRo- 
tifera  by  such  forma  as  Dinophiliis, 

The  free  Rotifers  present  marked  resemblances  to  the 
telotrochous  larvae  of  Annelids.  The  young  Lacinulariay  for 
example,  has  a  circular  prae-oral  disk  provided  with  two  eye- 
spots  and  a  second  circle  of  cilia  behind  the  mouth,  and  is 
wonderfully  like  an  Annelid  larva  (Fig.  39,  I.).  The  append- 
ages of  Triarthra  and  Polyarthra  may  be  compared  to  the 
lateral  bundles  of  long  setae  of  the  larvae  of  8pio  and  Hferine^ 
and  the  pharyngeal  armature  is  essentially  Annelidan.  On 
the  other  hand,  in  the  sessile  tubicolous  Rotifera^  the  trcchal 
disk  assumes  the  characters  of  the  lophophore  in  the  Polyzoa^ 
and  of  the  tentacular  circlet  of  the  Gephyrean  Phoronis, 
Many  years  ago  I  drew  attention  to  the  points  of  resem- 
blance between  the  Rotifera  and  the  larvae  of  Echinoderms 
("  On  Lacinularia  socicUU^^  I,  c).  Of  any  such  close  and 
direct  relations  with  the  Cntstacea,  I  see  no  evidence  ;  but 
Pedalion^  with  its  jointed  setose  appendages  and  curious 
likeness  to  some  Nauplius  conditions  of  the  lower  Crustacea^ 
suggests  that  connecting  links  in  this  direction  may  be  found.'' 
In  fact,  the  Rotifera^  as  low  Metazoa  with  nascent  segmenta- 
tion, naturally  present  resemblances  to  all  those  groups  which, 
in  their  simpler  forms,  converge  toward  the  lower  Metazoa. 

The  Teematoda. — ^These  are  all  parasitic,  either  upon  the 
exterior  (ectoparasites)  or  in  the  internal  organs  (endopara- 
sites)  of  other  animals.  Many  are  microscopic,  and  none 
attain  a  length  of  more  than  an  inch  or  two.  Most  have  a 
broad  and  flattened  form,  one  face  being  ventral  and  the 
other  dorsal,  and  the  body  is  never  segmented. 

In  the  adult,  the  ectoderm  is  not  ciliated,  but  its  outer- 
most layer  is  a  chitinous  cuticula.  In  most  Trematoda,  one 
or  more  suckers  are  developed  upon  the  ventral  surface  of  the 
body,  behind  the  mouth.  These  are  sometimes  armed  with 
chitinous  spines  or  hooks ;  and  setae  of  the  same  character 

1  Hudson,  "  On  a  New  Rotifer."  [Monthly  Microscopical  Journal,  1871. ) 
a  The  sinjjular  marine  genus  Echtnoderes  (Dujardin)  is  perhaps  such  a  link. 
These  are  minute  worm  like  animals,  with  a  rounded  head,  followed  by  a  num- 
ber (ten  or  eleven)  of  distinct  segments,  the  last  of  which  is  bifurcated.  There 
are  no  limbs,  but  tne  head  is  provided  with  recurved  hooks,  and  the  bodv  seg- 
ments with  paired  setae.  The  nervous  system  appears  to  be  represented  by  a 
single  ganglion,  which  lies  in  the  head  and  presents  eye-spots.  The  develop- 
ment of  EchinodereB  is  unknown.  {See  Greef,  "  Archiv  ftlr  Naturgeschichte," 
1869.) 
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may  be  developed  in  other  parts  of  the  body,  especially  in  the 
region  of  the  head. 

The  mouth  is  usually  terminal,  but  is  sometimes  ventral 
and  sub-central ;  it  is  ordinaril}'^  placed  in  the  centre  of  a 
muscular  sucker,  rarely  proboscidiform.  The  alimentary  canal 
is  never  provided  with  an  anus.  Sometimes  a  simple  sac,  it 
is  often  bifurcated,  and  occasionally  branched,  like  that  of  the 
dendrocoele  TurheUaria.  Sometimes  {Amphilina^  Amphipty- 
ches)  the  alimentary  canal  is  absent ;  and,  according  to  Van 
Beneden,  it  becomes  aborted  in  the  adult  Diatoma  Jilicolle. 
The  interval  between  the  endoderm  and  the  ectoderm  is  oc- 
cupied by  a  cellular  or  reticulated  mesoderm,  in  which  abun- 
dant muscular  fibres  are  developed.  The  peripheral  muscular 
fibres  form  an  external  circular  and  an  internal  longitudinal 
layer. 

The  water-vascular  system  is  well  developed,  and  may 
consist  of — (1)  a  contractile  sac,  which  opens  externally  and 
communicates  with  (2)  longitudinal  vessels  with  contractile 
non-ciliated  walls,  from  which  proceed  (3)  non-contractile  and 
ciliated  branches  which  ramify  through  the  body,  and  the 
ultimate  ramifications  of  which  probably  end  by  open  mouths, 
as  in  the  Rotifera. 

There  is  no  pseud-hasmal  system.  The  nervous  system  has 
not  been  discovered  in  all  ;  but,  when  it  exists,  it  has  the 
same  arrangement  as  in  the  aproctous  Turbellaria.  Eye- 
spots  have  been  observed,  but  no  other  sense-organs.  With 
rare  exceptions,  the  Trematoda  are  hermaphrodite,  and  the 
reproductive  organs  are  constructed  upon  the  same  type  as 
in  the  rhabdocoele  Turbellaria^  a  large  vitellarium  being  al- 
ways present.  The  accessory  vitellus  is  included,  in  the 
form  of  numerous  pellets,  along  with  the  primitive  ovum,  and 
is  absorbed  pari  pa^su  with  the  development  of  the  embryo. 

Aspidogaster  conchicola  (Fig.  40)  inhabits  the  pericardial 
cavity  of  the  fresh-water  muscle ;  it  is  a  very  convenient  sub- 
ject for  examination  on  account  of  its  small  size,  and  the  ease 
with  which  it  can  be  rendered  sufficiently  transparent  for  the 
display  of  the  arrangement  of  its  internal  organs,  by  the 
judicious  use  of  the  compressorium.  The  flat  oval  body, 
rounded  posteriorly,  is  produced  in  front  into  a  truncated 
cone,  on  the  face  of  which  the  mouth  opens.  The  ventral 
sucker  is  very  large,  and  its  surface  is  subdivided  into  rectan- 
gular areas.  There  is  no  perivifoeral  cavity,  its  place  being 
occupied  by  a  mass  of  spongy  cellular  tissue.  The  oral  cavity 
leads  into  an  oval,  thick-walled,  muscular  pharyngeal  bulb, 
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vhenoe  an  elongated  pyriionn  sac,  which  conatitutee  the  rest 
of  the  alimentary  canal,  is  continued.  This  occupies  a  great 
part  of  the  body,  and  extends  nearly  to  its  posterior  end ;  but 
there  is  no  anus.  A  contractile  vacuole  placed  at  the  hinder 
extremity  of  the  body  opens  outward  by  a  small  pove  {Fig. 
11,  a),  and  gives  off  two  lateral  contractile  non-ciliated  canals 
(b),  which  pass  to  the  anterior  end  of  the  ventral  sucker  and 
there  end  blindly  ;  but  before  reaching  this  termination  each 
gives  off  a  0 on- contractile  ciliated  vessel  (Fig.  41,  c),  which, 
on  arriving  at  the  pharynx,  turns  backward  and  ramifies 
through  the  body.  The  cilia  diminish  toward  the  extremi- 
ties of  these  vessels,  the  terminations  of  the  corresponding 
canals  in  the  Motifera  being,  on  the  contrary,  richly  ciliated. 
No  nerves  have  as  yet  been  found  in  Aspidogaster. 


Yf    x-r 
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As  in  most  Trematoda,  the  genitalia  (Figs.  40  and  43) 
form  a  large  part  of  the  viscera,  and  the  structure  of  the  com- 
plex hermaphrodite  apparatus  is  in  some  respects  so  peculiar 
that  it  is  needful  to  describe  it  in  dptail.  It  consists  of — 
1.  The  germarium.  2.  The  vitellarium.  3.  The  oviduct. 
4.  The  uterus  and  vagina.  5,  The  common  vestibule.  6.  The 
testis.  7.  The  vasa  deferentia,  internal  and  external.  8.  The 
penis  and  its  sac.     The  ovary  (d)  is  the  anterior  of  two  round- 
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ed  masses  lying  in  the  sucker.  At  first  sight  it  appears  to  be 
oval,  but  it  is,  in  fact,  pyriform,  the  larger  end  being  anterior, 
while  the  posterior  narrower  extremity  is  bent  backward  be- 


Fia,  41.— A,  watsr-vMcnlar  ■ysCem  or  Aroitlosiafler  eamMeoia:  a,  termlnsl  pore ; 
6,  ]»Um\  contncUle  TSBSera ;  c,  iBlersI  clllsUd  tranks,  tbai  of  tbe  letl  aide  ghadsd  ; 
a,  dllBUIIon  af  thia  trank  ;  B,  odb  ot  larger,  and  C,  one  ol  tbe  BuuUer,  dilated 

neath  the  anterior  end.  Before  it  reaches  the  anterior  ex- 
tremity of  the  mass,  however,  it  is  bent  sharply  back  again, 
parallel  with  itself,  and  eo  passes  into  the  oviduct  (Fig.  40,  i). 
The  ovary  is  surrounded  by  a  delicate,  but  strong  coat,  inclos- 
ing a  mass  of  transparent  protoplasm.  At  the  anterior  end 
of  the  ovary  minute  granules  are  scattered  through  this  sub- 
stance, and  are  ocoasionally  surrounded  by  a  faint,  clear  area 
(Fig.  is,  A.  1).  These  are  the  rudimentary  germinal  spots 
and  vesicles  of  the  future  ova,  the  course  of  whose  develop- 
ment may  be  readily  traced  by  working  from  the  anterior  to 
the  posterior  extremity  of  the  ovary.  The  germinal  spots 
become  larger,  and  gradually  assume  the  appearance  of  vesic- 
ular nuclei;  while  the  clear  area  around  them  in  like  manner 
becomes  larger,  and  acquires  more  and  more  the  appearance 
of  a  cavity.  While  this  cavity  is  small,  it  has  no  distinct 
waU,  but,  as  it  enlarges,  the  contour  of  the  wall  becomes  dis- 
tinctly marked  {Fig.  43,  A  2,  3,  4).  On  examining  the  ovary 
close  to  the  commencement  of  the  oviduct,  a  division  of  the 
_  i  protoplasmic  basis  or  matrix  of  the  ovary  into 

,s  surrounding  each  germinal  vesicle  becomes  obvious.  On 
the  application  of  pressure,  the  matrix  breaks  up  into  masses 
corresponding  with  these  areas  in  size,  which  are  very  flexible, 
but  when  left  to  themselves  assume  a  rounded  or  oval  form, 
and  have  all  the  appearance  of  perfect  ova,  except  that  they 
possess  no  vitelline  membrane,  and  that  the  yelk,  instead  of 
being  granular,  is   dear,   and   comparatively  small     These 
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primary/  ova,  as  they  may  be  termed,  become  detached,  and 
pass  into  the  oviduct.  Here  they  are  fecundated,  and,  be- 
coming surrouDded  by  a  great  mass  of  accessory  yelk,  and  a 
shell,  gradually  acquire  the  appearance  of  the  complete  ova. 

The  accessory  yelk  is  the  product  of  the  vitellarium — a 
large  double  gland  consisting  of  a  number  of  oval,  pyriform, 
or  irregular  granular  masses  placed  on  each  side,  at  the  junc- 
tion of  the  sucker  with  the  body  (Fig,  40,  g). 

These  masses  appear  to  be  qmte  independent  of  one  an- 
other ;  nor  do  they  at  first  present  any  obvious  conimunicatioa 
with  the  genitalia ;  but  if  the  oviduct,  just  after  it  becomes 
free  from  the  ovarium,  be  examined,  it  will  be  found  to  re- 
ceive a  sbort  duct  (Fig.  43,^),  filled  with  strongly  retracting 
granules  of  the  same  nature  as  those  in  the  vitellarium.  This 
duct  is  enlarged  posteriorly,  and  then  divides  into  two  ducts 
filled  with  the  same  matter,  which  take  a  direction  toward  the 
vitellarium,  but  can  be  traced  no  further  than  they  contain 
granules  (Fig.  43).  By  the  careful  application  of  pressure, 
however,  the  granules  may  be  forced  from  the  vitellarium, 
through  an  anterior  and  posterior  branch  upon  each  side,  into 
these  ducts. 


■A^Hdogmlfr  miKftJcnfa.— ReprodacCIve  ormn*  on  >  larger  icele, 
j_  .»     .m. lantof  theeiWrMlTMdeferenslsBeenbe 


SHlnFlz.  40.    Tbe< 
vICellitlBU  ducts. 


The  oviduct  (Fig.  43,  i)  is  richly  ciliated  i 
at  first  applied  to  the  under  surface  of  the  ova 
it  becomes  free  it  receives  a  canal  (e),  which  may  be  traced 
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back  to  the  testis,  and  which  would  appear  to  correspond 
with  the  internal  vas  deferens  of  other  Trematoda  described 
by  Von  Siebold/  This  canal,  however,  presents  no  dilatation, 
or  internal  vesicula  seminalis.  The  oviduct  next  receives  the 
duct  of  the  vitellarium,  and  then  becoming  much  convoluted 
(A:),  and  rapidly  widening,  passes  into  the  uterus  (/),  a  wide 
tube,  which  runs  forward,  disposed  in  many  undulating  curves 
(Fig.  40,  l)y  to  terminate  on  the  left  side  of  the  anterior  part 
of  the  body,  close  to  the  male  organs.  Posteriorly,  the  walls 
of  the  uterus  are  thin  ;  but  in  its  anterior,  or  vaginal,  part 
they  become  thick  and  muscular.  The  genital  vestibule  into 
which  the  vagina  opens  is  very  small. 

The  testis  (wi)  is  an  oval  body  of  the  same  size  as  the 
ovarium,  and  situated  just  behind  it.  Minute  water- vessels 
ramify  upon  it,  as  upon  the  ovarium ;  and  it  contains  a  gran- 
ular and  cellular  mass,  but  no  spermatozoa.  The  external 
vas  deferens  (Figs.  40  and  42)  is  a  delicate  duct,  which 
passes  forward  and  comes  into  contact  with  the  ovarium, 
without,  however,  so  far  as  I  could  observe,  communicating 
with  it  or  with  the  oviduct ;  it  then  bends  backward  and  up- 
ward, passing  between  the  anterior  vitellarian  masEes  into 
the  fore  part  of  the  body.  Here  it  suddenly  becomes  about 
twice  as  wide  as  before,  and  runs  forward,  as  an  undulating 
thick  tube,  to  the  penis  (Fig.  40,  jo),  a  short  and  conical  body, 
occupying  the  bottom  of  a  large  pyriform  sac,  which  opens 
in  common  with  the  uterus.     The  spermatozoa  are  linear. 

The  development  of  the  ova  presents  many  very  interest- 
ing peculiarities  (Fig.  43).  Above  the  junction  of  the  duct 
of  the  vitellarium  with  the  oviduct  the  contents  of  the  latter 
were  pale  and  clear,  and  presented  no  formed  particles  beside 
the  primary  ova  which  had  just  been  detached  from  the  ova- 
rium (Fig.  43,  (J),  Below  the  insertion  of  the  vitellarian 
duct,  however,  the  oviduct  was  full  of  granules  like  those  in 
the  vitellarium,  mixed  up  with  ova  in  a  more  advanced  state. 
In  the  smallest  of  these  (Fig.  43,  D),  the  shell  of  the  ovum 
had  commenced,  but  was  incomplete  at  one  end.  At  the  op- 
posite extremity,  it  inclosed  a  mass  of  irregularly  aggregated 
vitelline  granules,  which  covered  almost  one-half  of  a  round 
pale  mass,  not  larger  than  one  of  the  primary  ova ;  in  which, 
however,  three  nuclei  (two  of  which  were  very  close  together, 

»  The  connection  of  this  duct  with  the  testis  in  the  Trematoda  has  recently 
been  denied  by  Stieda  ("  Mliller*s  Archiv,"  1871).  I  had  no  doubt  of  its  exist- 
ence in  Aspidogaeter,  but  1  have  had  no  opportunity  of  reexamining  this  ani- 
mal since  the  publication  of  Stieda^s  paper. 
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as  if  they  had  just  divided)  were  to  be  distinguished*  In 
more  advanced  ova  the  shell  was  complete,  but  either  color- 
less or  of  a  very  pale-brown  hue.  In  some  of  these  the  pri- 
mary ova  contained  many  nuclei  and  were  imbedded  in  and 
surrounded  by  a  confused  mass  of  accessory  yelk-granules  ; 
while  in  others  these  granules  were  aggregated  into  a  num- 
ber of  regular  spheroidal  masses  (Fig.  43,  S), 

As  development  proceeds,  the  accessory  yelk-masses  grad- 
ually disappear ;  the  primitive  ovum,  now  become  the  homo- 
logue  of  the  blastodermic  disk  or  vesicle  in  other  animals,  to 
all  appearance  increasing  at  their  expense.  At  the  same 
time,  clear  rounded  vacuoles  in  various  numbers  appear  in  its 
substance  ;  but  the  nuclei  of  the  germ,  though  very  minute, 
can,  with  proper  care,  be  readily  detected  between  these.  In 
the  final  stages  the  shell  becomes  browner,  the  vacuoles  and 
granules  disappear,  and  the  substance  of  the  embryo  appears 
homogeneous.  But,  if  carefully  examined,  the  minute  nuclei 
become  visible,  especially  if  water  be  allowed  to  act  on  the 


# 


Fig. ^.—Atpldoaaster  eonehieola.—A,  sectA.m  of  ihe  ovary:  1,  its  anterior  end;  9, 
germinal  spot  snrroanded  by  a  distinct  wall ;  8.  4,  a  complete  germinal  veeicle 
and  spot ;  C,  a  primary  ovam  ;  D,  yonne:  state  of  a  complete  ovam  ;  the  primary 
ovnm  partially  snrroanded  by  velk-grannles  and  a  shell ;  B,  complete  ovum,  with 
the  accessory  yelk  aggregated  into  f^pheroids  ;  E,  vacaolated  embryonic  mass  ;  F, 
embryo.  *  »     » 


tissue,  and,  if  the  shell  be  burst,  and  its  contents  poured  out, 
thev  readily  break  up  into  small  but  well-marked  cells,  each 
with  its  nucleus.  At  the  same  time,  the  embryo  takes  on  a 
form  not  very  distantly  resembling  that  possessed  by  the 
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adult ;  into  which  it  eventually  passes  without  any  metamor- 
phosis/ 

Thus  it  appears  that,  in  Aapidogaster^  the  ovarium  gives 
rise  to  primary  ova,  which  pass  down  the  oviduct  and  become 
fecundated,  either  by  the  spermatozoa  conveyed  by  the  inter- 
nal vas  deferens,  or  by  those  received  by  the  vagina  when 
copulation  with  another  individual,  or,  possibly,  self-impreg- 
nation, occurs  ;  that,  next,  the  essential  part  of  the  process  of 
"  yelk-division  "  takes  place,  the  germinal  spot  dividing  and 
subdividing,  and  the  primary  ovum  becoming  in  this  way  con- 
verted into  the  spheroidal  blastoderm;  that,  contemporane- 
ously, the  blastoderm  becomes  invested  by  the  accessory  yelk- 
granules  poured  in  by  the  vitellarian  duct,  and  by  a  shell ; 
that  the  accessory  yelk  arranges  itself  into  spheroidal  masses, 
which  probably  supply  the  blastoderm  with  the  means  of  its 
constant  enlargement  ;  and  that,  finally,  the  accessory  yelk 
disappears,  and  the  blastoderm  becomes  converted  into  the 
embryo. 

The  modifications  exhibited  by  other  Trematoda  concern 
the  number  of  the  suckers,  of  which  there  are  usually  several 
in  the  ectoparasites,  but  not  more  than  one  in  the  endopara- 
sites  ;  their  support  on  a  chitinous  framework,  or  the  addition 
to  them  of  spines  or  booklets,  similar  to  those  of  Cestoidea 
or  Acanthocephala :  the  bifurcation  of  the  intestinal  canal, 
and  the  ramification  of  its  branches,  so  that  the  forms  of  the 
alimentary  apparatus  repeat  the  two  extremes  observed  in 
the  aproctous  TurheUaria ;  the  existence  of  two  nervous 
ganglia  with  a  single  transverse  commissure  in  many  ;  and 
the  occasional  presence  of  sensory  organs  (eye-spots).  The 
non-contractile  canals  of  some  genera  are  destitute  of  cilia, 
except  at  their  inner  terminations. 

The  variations  of  the  reproductive  organs  are  rather  of 
position  than  of  structure.  Dioecious  Trematodes  are  very 
rare,  the  most  important  being  the  formidable  Silharzia^  the 
male  of  which  is  the  larger  and  retains  the  female  in  a  gynoB- 
cophore^  or  canal,  which  is  formed  by  the  infolding  of  the 
margins  of  the  concave  side  of  the  body.  Bilharzia  has 
neither  intromittent  organ  nor  seminal  pouch,  and  the  history 
of  its  development  has  not  been  traced  beyond  the  escape  of 

1  The  substance  of  this  account  of  the  structure  and  development  of  Aspido- 
gaster^  with  the  illustrative  figures,  was  published  in  1866  in  The  Medical 
Times  and  Gazette.  M.  E.  Van  Beneden  has  recently  thrown  much  light  on  the 
mode  in  which  the  ova  of  the  Trematoda  are  formed  and  developed,  in  his 
*'  Reoherches  but  la  Composition  et  la  Signification  de  l'(Euf.^'  j 
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a  cUiftted  embryo  from  the  ovum.  This  parasite  is  found  in 
the  blood-vessels  of  man,  chiefly  in  those  of  the  urinary  or- 
gans, the  ova  escaping  from  the  body  through  the  ulcerated 
surfaces  to  which  the  parent  gives  rise.     In  the  ectoparasites. 


zVilii,  (S.^re.  

of  DMoma  paeilleum.  cmtainlDs  Eflrms  of  oilier  Sedia;  u,  maul  con[Eiinini( 
Cavaria  (a\ :  E,  Cercaria ;  F.  miioma,  whtcli  reanlta  from  the  melamorpboelB 
of  the  Cerforia.    (AFler  Steenelrap.) 

the  embryo  passes  into  a  form  identical  with  or  closely  resem- 
bling that  of  the  parent  while  still  within  the  egg,  as  in  As- 
pidogaster.  When  this  happens  (e.  g.,  Distoma  variegatum, 
J},  tereticolte),  the  one  end  of  the  embryo  is  often  provided 
with  spines,  and  it  is  capable  of  slow  creeping  movements. 
But,  in  most  of  the  endopara sites,  the  embryo  leaves  the 
parent  as  a  morula,  which  is  usually  ciliated.  Thus,  in  Dieto- 
ma  lanceolatum.  It.  hepattcum,  and  Monostomum  mutabile, 
the  embryo  nhich  escapes  from  the  egg  has  a  ciliated  invest- 
ment, which  propels  it  rapidly  through  the  water,  and  may 
be  provided  with  eyespots  and  water-vessels  (Fig,  44,  A). 
On  becoming  attached  to  the  animal  upon  which  it  is  parasit- 
ic, the  embryo  of  Monostomum  gives  exit  to  a  larva,  having 
the  form  of  a  cylindrical  sac  with  two  lateral  prolongations 
and  a  tapering  tail.  The  Redia,  as  this  form  is  called  (Fig. 
44,  j9,  C),  has  a  mouth  and  a  simple  caeca!  intestine,  but  no 
other  organs.  In  its  cavity  a  process  of  internal  gemmation 
takes  place,  giving  rise  to  bodies  resembling  the  parent  in 
shape,  but  destitute  of  reproductive  organs,  and  furnished 
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with  long  tails,  by  which  they  are  propelled.  These  creatures, 
called  CercaricB  (Fig.  44,  E)^  escape  by  bursting  through  the 
Hedia^  and,  after  a  free-swimming  existence,  penetrate  the 
body  of  some  other  animal,  their  tails  dropping  off.  They 
then  become  encysted,  and,  under  siiitable  conditions,  assume 
the  adult  form,  and  develop  reproductive  organs  (Fig.  44,  F). 
The  cycle  of  forms  through  which  Distoma  militare  passes 
has  been  nearly  completely  traced,  and  may  be  briefly  stated 
as  follows  :  1.  The  parent  form,  whose  habitat  is  the  in- 
testines of  water-birds,  bears  on  its  anterior  extremity  two 
alternating  circles  of  larger  and  smaller  booklets,  and  a  few 
others,  irregularly  disposed.  Rings  of  papillae  give  the  cen- 
tre of  the  body  an  annulated  aspect.  The  mouth,  almost 
terminal,  leads  into  the  long,  straight  digestive  caecum.  The 
generative  organs  are  similar  to  those  of  Aspidogaster  /  the 
testes  are,  however,  double,  and  lack  the  internal  vas  deferens. 
The  ova  are  few,  eight  or  ten  in  number.  2.  From  each 
ovum  issues  a  ciliated  larva,  showing  the  rudiments  of — 3.  A 
Itedia^  but  the  mode  of  development  of  the  latter  has  not 
been  fully  traced.  The  perfect  Redia  is  found  attached  to 
the  body  of  a  water-snail  (Paludina)^  the  ciliated  investment 
having  disappeared.  It  consists  of  a  sac,  within  which  is 
suspended  a  tubular  bag,  containing  colored  masses,  probably 
alimentary.  Anteriorly,  the  head  is  represented  by  a  kind  of 
crown,  in  which  no  oesophagus  exists  as  yet,  and  not  far  from 
the  posterior  extremity  the  two  lateral  projections,  character- 
istic of  Distomatous  Redioe^  appear.  During  the  rapid  growth 
of  the  zo5id,  the  head  becomes  marked  off  by  a  constriction, 
and  a  mouth  and  gullet,  with  a  pharyngeal  dilatation,  admit 
aliment  to  the  digestive  sac.  In  the  body  cavity,  external  to 
this  sac,  vesicles  appear,  rapidly  increase,  and  take  the  form 
of  CercaricB ;  the  Redia  bursts,  and  these  new  zoOids  are 
set  free.  4.  The  Gercaria  has  a  long  tail  with  lateral  mem- 
branous expansions,  by  means  of  which  it  swims  after  the 
fashion  of  a  tadpole.  The  pharyngeal  bulb  is  followed  by  an 
oesophagus,  which,  opposite  the  ventral  sucker,  divides ;  the 
two  branches  ending  in  a  caecum  on  either  side  of  the  C/on- 
tractile  vacuoles  of  the  water- vascular  system.  These  are 
median,  the  terminal  quadrate  chamber  opening  into  an  an- 
terior circular  one,  whence  are  given  off  the  two  main  canals 
which  traverse  the  body  longitudinally,  and  are  then  lost.  5. 
After  swimming  about  freely  for  a  while,  the  Cercaria  fixes 
itself  upon,  or  bores  its  way  into,  a  PcUudina  ;  the  tail  drop- 
ping off,  and  the  body  coating  itself  with  a  structureless  cyst, 
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in  which  it  remains  quiescent,  but  uDdergoes  some  further 
advances  in  development^  the  coronal  hooklets  making  their 
appearance.  6.  When  a  Paludina,  thus  infested,  is  swal- 
lowed by  a  water-bird  and  digested,  the  ojeta  are  set  free  in 
the  alimentary  canal  of  the  bird  ;  sexual  organs  appear  within 
the  included  Distoma  ;  the  body  elongates  and  narrows  an- 
teriorly ;  the  sucker  moves  nearer  the  bead,  and  the  coronal 
circlets  reach  their  full  development.  The  Ditloma  gradually 
assumes  the  form  of  the  parent,  attaches  itself  by  its  hooklets 
to  the  intestinal  walls,  and  acquires  complete  sexual  organs.' 
Thus  the  developmental  stages  of  Distoma  mUitare  may  be 
summed  up,  as  :   1.   Ciliated  larva.  2.  Hedia.  3.    Cercaria, 

4.  Cercaria,  tailless  and  encysted,  or  incomplete  Distoma. 

5.  Perfect  Distoma, 

The  stages  of  transition  vary  in  difierent  genera.     Thus, 
several  generations  of  Jiedits  may  intervene  between  the 


Fie.  46.— Sue^iiftalU)  pdi/morphtu  of  the  rrmh-vMer  muscle.—^,  nmlfleil  iporoeirBt ; 
B,  portton  of  tbe  same  murs  nugniaed;  a.  oaler  coai,  ft,  iiia«r;  c,  d.gitaf 
maaset  Id  C0Dr''ei)r  deTelopment ;  O,  nue  of  the  gcrm-msenes  mare  hf^j  mag- 
nified ;  D,  SucfiAalut ;  a,  0,  Bncken  ;  c,  clear  cavity  ;  d,  caudal  appaadtgee. 

third  and  fourth  stages  ;  or  the  mature  animal  may  appear  at 
the  close  of  this  stage,  having  undergone  no  Ceroarian  meta- 
morphosis. 

In  Bucephalua  polymorphus,  a  parasite  of  the  fresh- 
water muscle  (Fig,  iS),  two  caudal  appendages,  which  seem 
to  correspond  with  the  tail  of  tbe  ordinary  (Jereariw,  become 
1  Van B«ned«ii,  "H^irireaurleB  VenlDteatiiwu:.' 
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enormously  elongated.  They  are  converted  into  ramified 
tubes  called  sporocyats^  which  sometimes  occupy  all  the  inter- 
spaces of  the  viscera  of  the  muscle.  These  develop  new 
^ucephali  by  internal  gemmation.  The  Trematode  condition 
appears  to  be  the  genus  Oaaterostomum^  which  inhabits  fresh- 
water 6shes. 

The  Sporocysts,  Redias,  and  Cercariae,  free  or  encysted, 
are  found  almost  exclusively  in  invertebrated  animals,  while 
the  corresponding  adult  Trematodes  are  met  with  in  the  verte- 
brated  animals  which  prey  upon  these  Jnvertebrata. 

The  singular  double-bodied  Diplozoon  paradoxam  has 
been  shown  by  Von  Siebold  to  result  from  a  sort  of  conjuga- 
tion between  two  individuals  of  a  Trematode,  which,  in  the 
separate  state,  has  been  named  Diporpa,  The  Diporpm^ 
when  they  leave  the  egg^  are  ciliated  and  provided  with  two 
eye-spots,  with  a  small  ventral  sucker  and  a  dorsal  papilla. 
After  a  time  the  Diporpoe  approach,  each  applies  its  ventral 
sucker  to  the  dorsal  papilla  of  the  other,  and  the  coadapted 
parts  of  their  bodies  coalesce.  They  acquire  fully  developed 
sexual  organs  only  this  after  union.* 

Qyrodactylua  multiplies  agamically  by  the  development 
of  a  young  Trematode  within  the  body,  as  a  sort  of  internal 
bud.  A  second  generation  appears  within  the  first,  and  even 
a  third  within  the  second,  before  the  young  Oyrodactylus  is 
born. 

The  CssToroEA. — The  Tape-worms  are  all  endoparasites, 
and,  in  their  adult  condition,  infest  the  intestines  of  verte- 
brated  animals. 

The  simplest  form  known  is  CaryophyllcBUS^*  found  in 
fishes  of  the  Carp  tribe.  It  has  a  slightly  elongated  body, 
dilated  and  lobed  at  one  end,  so  as  to  resemble  a  clove, 
whence  the  name  of  the  genus.  In  structure  it  resembles  a 
Trematode,  devoid  of  any  trace  of  an  alimentary  canal,  but 
provided  with  the  characteristic  water-vascular  system  and 
with  a  single  set  of  hermaphrodite  reproductive  organs. 

In  Ligulay  the  body  is  much  elongated,  and,  at  the  head- 
end, exhibits  two  lateral  depressions.  It  is  not  divided  into 
segments,  but  there  are  numerous  sets  of  sexual  organs  ar- 

» Zeller,  "  Untersuchun^en  tiber  die  Entwlckelung  des  Diplozoon  paradox- 
um."    {ZeUsehrift  fur  wtss.  Zoohgie^  1872.) 

>  See  the  "  M^moire  surles  Vers  InteBtinaux,"  1858,  by  M.  P.  J.  Van  Beneden, 
to  which  I  am  much  indebted  fbr  information  respecting  this  and  other  genera 
of  Cestoidea  which  have  not  fallen  under  my  own  observation.  Also  Leuckart, 
*^  Die  menschllchen  Panudten,'*  1868 ;  and  Cobbold,  *^  Entozoa." 
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ranged  in  longitudinal  series.     The  openings  of  the  genital 

glanda  are  situated  in  the  middle  line  of  the  body.  These 
parasites  inhabit  fishes  and  amphibiuns,  as  vrell  as  water- 
birds,  but  they  attain  their  sexual  state  only  in  the  latter. 


l.hesd  »n[l  Qock;  S,  HB^meiil  of  ..._     __.  ..  .    , 
os(bK»b.;  ^  tiiBtolla  epinee  iTaala)-.  e,  c",  &'.  spinoi 

--'  — -"    -----  r,  jniaKllon  tJi;/;  lateral,  and 

—  ..Jter-TOJBels  ;  *,  anaetomoaiiu 
itEbdle:  m.  penie  and  van  deferens  ; 


In  the  more  typical  Cestoidea  the  body  is  elongated,  and 
presents,  at  one  end,  a  head  provided  with  suckers,  and  very 
generally  with  chitinoua  hooks,  either  disposed  circularly 
around  the  'summit  of  the  head,  or  upon  proboscidiform  ten- 
tacles, which  can  be  retracted  into,  or  protruded  from,  the 
head.  Sometimes  the  head  is  produced  into  lobes;  and  very 
generally,  when  lobes  or  tentacles  exist,  they  are  four  in 
number,  and  are  disposed  symmetrically  round  the  head.  A 
short  distance  beyond  the  latter,  the  slender  body  widens  and 
becomes  transversely  grooved,  so  as  to  bo  marked  out  into 
segments.  Longitudinal  water-vessels  run  parallel  with  one 
another  through  the  body,  and  are  connected  by  transverse 
trunks  in  each  segment,  and  by  a  circular  vessel  in  the  head. 
In  BothriocephaliiB  latus,  the  principal  trunks  are  occupied 
by  a  spongy  reticulated  tissue- 
In  most  of  the  tape-worms,  innumerable,  solid,  strongly- 


184         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS.' 

refracting  corpuscles  are  scattered  through  the  substance  of 
the  body  (Fig.  48,  A).  It  is  probable  that  these  are  more  or 
less  calcined  connective-tissue  corpuscles.  Similar  bodies 
which  occur  in  some  Trematoda  were  found  by  Qapar^de  to 
be  lodged  in  dilated  ends  of  the  water-vessels,  but  it  would 
appear  that  they  are  not  so  situated  in  the  Cestoidea,^ 

The  distance  between  these  transverse  grooves,  and  their 
depth,  increase  toward  the  hinder  end  of  the  body ;  and  each 
segment  is  eventually  found  to  contain  a  set  of  male  and 
female  organs.  The  genital  organs  are  constructed  upon  the 
same  general  plan  as  those  of  the  Trematoda^  but  the  uterus, 
as  it  fills  with  ova,  usuallv  takes  the  form  of  a  ramified  sac. 
At  the  extreme  end  of  the  body,  the  segments  become  de- 
tached, and  may  for  some  time  retain  an  independent  vitality. 
In  this  condition  each  segment  is  termed  a  proglottis ;  and 
its  uterus  is  full  of  ova. 

The  embryo  is  developed  in  these  ova  in  the  same  way  as 
in  the  Trematoda;  and,  as  in  the  latter  group,  it  may  either 
be  ciliated  (as  in  JSothriocephalus)  or  non-ciliated,  which  last 
is  the  more  usual  case.  The  embryo  is  a  solid  morula,  on  one 
face  of  which  four  or  six  chitinous  hooks,  disposed  symmet- 
rically on  either  side  of  a  median  line,  are  developed. 


Pig.  47.— Biai^rainB  illuBtralive  of  the  relation  between  Taenia,  OygHeereu$,  Comtut^ 
and  Eohlnococous.—A.  B^  yonnp:  Tcenice  in  the  Soolsx  8taa:e,  the  latter  with  an 
enlarged  receptaculvm  SooUds,  into  which  the  head  and  neck  are  withdrawn  in 
(7,  Cystioercus  ;  7>,  CcBnums  ;  E,  hypothetical  condition  of  Echinococcui^  in  which 
*^  Tosnia  heads  "  are  developed  only  on  the  inner  enrface  of  the  primary  cysts;  F^ 
Schinoeocmts  with  secondary  cysts;  O,  embiyo  Tania  (after  Stein). 

If  the  egg  is  placed  in  appropriate  conditions,  the  hooked 
embryo  emerges  from  the  shell,  and  rapidly  increases  in  size. 

>  Sommer  and  Landois.  **  IJeber  den  Ban  der  ^escblecht<treifen  Glieder 
von  BothrioefphaltLB  latua."  {ZeUschrift  fur  wise.  Zooloqie.  1872).  Leuckart, 
however^  maintainR  the  contrary  opinion,  ^*  Die  mensohlicnen  Parasiten,"  p. 
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After  a  time,  a  cavity  appears  in  the  midst  of  the  cella  of 
which  the  morula  is  composed,  and  a  chitinoue  cuticula  is 
developed  upon  the  outer  surface  of  the  embryo.  Ramified 
water-vessels  make  their  appearance  iu  the  wall  of  the  sphe- 
roidal sac  thus  formed,  and  in  some  cases  open  by  an  external 
pore.  There  is,  therefore,  a  very  close  rcBemblance  between 
this  cestoid  embryo  and  the  sporocyst  of  a  Trematode. 

When  the  saccular  embryo  has  attained  a  certain  size,  a 
thickening  and  invagination  take  place,  usually  at  one  {I'cB- 
nia),  sometimes  at  many  (  Coenurvs,  Echinococffus)  points  of 
its  wall.  The  invagination  of  the  wall  elongates  inward,  and 
becomes  a  caecum,  the  cavity  of  which  opens  outward.  At 
the  bottom  of  the  interior  of  this  csecum,  and  therefore  on 
what  is  morphologically  its  external  surface,  the  hooks  of 
those  species  which  possess  tbem  are  developed,  while,  upon 


.—A,  "TeiiI*  head,"  or  Scokx!  a,  hooks;  S, 
i;  d,  nval,  elronc'r  ri-fractinif  pBrtlcles;  B,  eliigle 

__..;cy8t.o,-  wilh  lie  InDer  niBnihrniiooB  piima^ 

68  derelopiiiE  from  Its  Innei  snifoce;  d,  ■  eecondary  cjet. 

the  side-walls,  elevations  arise,  which  become  converted  into 
SudcerB.      The  crecum  is  neit  evaginated  or  turned  inside 
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out,  and  the  embryo  has  the  form  of  a  phial,  of  which  the 
evaginated  caecum  forms  the  neck.  Round  its  apex  are  the 
hooks,  and  below  these  the  suckers,  forming  a  complete  ces- 
toid head ;  while  the  sac  answers  to  the  body  of  the  phial. 
The  original  hooks  of  the  embryo  are  cast  off  in  the  course 
of  the  process. 

If  the  eggs  of  the  Tape-worm  have  passed  into  the  aliment- 
ary canal  of  an  animal  in  which  the  worm  is  unable  to  attain 
its  sexual  condition,  the  hooked  embryo,  as  soon  as  it  is 
hatched,  bores  its  way  through  the  walls  of  the  alimentary 
canal,  and  eventually  becomes  lodged  in  the  connective  tissue 
between  the  muscles,  or  in  the  liver,  or  in  the  brain  or  eye. 
Here  it  goes  through  the  changes  which  have  been  described, 
and,  generally,  the  sac  undergoes  very  great  dilatation.  The 
region  of  the'  waU  of  the  sac  to  which  the  cestoid  head  is  at- 
tached becomes  invaginated,  and  thus  is  inclosed  within  a 
chamber,  the  parietes  of  which  are  really  constituted  by  the 
outside  of  its  own  body.  In  this  condition,  the  animal  is 
what  is  termed  a  Cystic  woryn^  or  bladder-worm ;  and  when 
there  is  only  one  head  it  is  a  Cyaticercus.  In  the  genera 
Goenurus  and  EGhinococcus  the  cystic  worm  has  many  heads ; 
and,  in  EM7iocoecus^  the  structure  of  the  cystic  worm  is  still 
further  complicated  by  its  proliferation,  the  result  of  which  is 
the  formation  of  many  bladder-worms  inclosed  one  within 
the  other,  and  contained  in  a  strong  laminated  sac  or  cyst^  ap- 
parently of  a  chitinous  nature,  secreted  by  the  parasite  (Fig. 
48). 

In  the  cystic  condition,  the  Tape- worms  never  acquire 
sexual  organs ;  but,  if  transported  into  the  alimentary  canal 
of  their  appropriate  hosts,  the  heads  become  detached  from 
the  cysts,  and,  rapidly  growing,  give  rise  to  segments,  wliich 
become  sexual  proglottides.  The  Tape-worms  are  rarely  met 
with  in  both  the  cystic  and  cestoid  conditions  in  the  same 
animal ;  but  the  cystic  form  is  found  in  some  creature  which 
serves  as  prey  to  the  animal  in  which  the  cestoid  form  occurs. 
Thus: 

Cystic  Form.  Cestoid  Foem. 

Cysticercus  celluloscB,  Tcmia  solium. 

(Muscles  of  the  Pig)  (Man) 

Gysticercus f  Tamia  medioeanellata. 

(Muscles  of  the  Ox)  (Man) 

Oystieercus  pisifoffnis,  Tcsnia  serrata. 

(liver  of  the  Rabbit)  (Dog,  Fox) 
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Cystio  Form.  Obstoid  Fobm. 

Oysticercus  famolaria.  Tamia  crassicoUis, 

(Liver  of  Kats  and  Mice)  (Cat) 

C(Bnums  eerehralis,  Tcmia  ccenurus, 

(Sheep's  brain)  (I^og) 

Echinococeua  veterinorum,  Tcmia  Echinococcua. 

(Liver  of  Man  and  of  (I^og) 
domestic  Ungulata) 


The  embryo  of  Icenia  cucumerina  passes,  in  the  body  of 
the  Dog-louse  {Trichodectes  canis)^  into  a  Gysticercoid^  or 
minute  un jointed  and  sexless  Taenia,  without  any  terminal 
dilatation.  The  dog  devours  the  louse  and  the  Cystieercoid 
becomes  a  TcBnia  cucumerina  in  his  intestine.  The  eggs  of 
the  Tceniay  contained  in  faeces  adherent  to  the  hair  of  the 
dog,  are  in  turn  devoured  by  the  louse,  and  thus  the  "  vicious 
circle  "  of  parasitism  is  maintained. 

The  cystic  Tetraphyllidea  frequent  osseous  fishes,  their 
sexual  maturity  being  attained  in  the  bodies  of  Plagiostomes. 
The  head  is  provided  with  four  suckers  or  lobes,  which  may 
be  stalked  and  unarmed,  as  in  Echeneibothrium,^  or  furnished 
with  booklets  as  in  Acanthobothrium  /  while,  in  Tetrarhyn- 
chus,  four  proboscidiform  tentacles,  thickly  set  with  booklets, 
are  retracted  into  sheaths  alongside  of  the  suckers  (Fig.  46). 

The  JDiphyllidea  have  two  suctorial  disks,  two  armed 
rostellar  prominences,  and  a  collar  of  booklets  on  the  neck. 

The  migrations  of  the  PseudophyUidea  are  chiefly  from 
fishes  and  amphibians  to  water-birds,  one  genus  {^Bothrio- 
cepJialus)  containing  species  which  enter  the  human  body,  prob- 
ably in  the  flesh  of  fresh-water  fishes.  The  head  has  neither 
suckers  nor  lobes,  but  is  deeply  grooved  on  either  side.  In 
Sothriocephalua  the  genital  apertures  are  in  the  middle  of 
each  segment.  The  embryo  is  ciliated,  and  swims  actively  in 
water.  Recent  experiments  tend  to  show  that  the  develop- 
ment of  the  embryo  in  this  genus  may  take  place  directly,  or 
without  the  intervention  of  a  Cysticercus  stage. 

It  is  obvious  that  the  Cestoidea  are  very  closely  related  to 
the  Trematoda,  In  fact,  inasmuch  as  some  of  the  latter  are 
anenterous,  and  some  of  the  former  are  not  segmented,  it  is 
impossible  to  draw  any  absolute  line  of  demarkation  between 
the  two  groups.  It  would  appear  that  the  Cestoidea  are 
either  Trematodes  which  have  undergone  retrogressive  met- 
amorphosis and  have  lost  the  alimentary  canal  which  they 
primitively  possessed,  or  that  they  are  modifications  of  a 
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Trematode  type,  in  which  the  endoderm  has  got  no  further 
than  the  spongy  condition  which  it  exhibits  in  Convoluta 
among  the  Turbellariay  and  in  which  no  oral  aperture  has 
been  formed ;  or,  lastly,  it  is  possible  that  the  central  cavity 
of  the  body  of  the  embryo  Tmnia  simply  represents  a  blas- 
tocoele. 

If  the  Cestoidea  are  essentially  Trematodes,  modified  by 
the  loss  of  their  digestive  organs,  some  trace  of  the  digestive 
apparatus  ought  to  be  discoverable  in  the  embryo  tape-worm. 
Nevertheless,  nothing  of  the  kind  is  discernible,  unless  the 
cavity  of  the  saccular  embryo  is  an  enterocoele.  And  if  this 
cavity  is  a  blastocoele,  and  not  an  enterocoele,  it  may  become 
a  question  whether  the  tape-worms  are  anything  but  gigantic 
morulse,  so  to  speak,  which  have  never  passed  through  the 
gastrula  stage. 


CHAPTER  V. 

THE    mBUDINEA,    THE     OUGOCH^TA,   THE    POLYCH^fiTA,    THE 

GEPHYBEA. 

The  Hibudinea. — ^The  Leeches  are  aquatic  or  terrestrial, 
more  or  less  distinctly  segmented,  vermiform  animals,  most 
of  which  suck  blood,  though  some  devour  their  prey.  The 
ectoderm  is  a  cellular  layer,  covered  externally  by  a  chitinous 
cuticula,  and,  except  in  Malacobdellaj  devoid  of  cilia.  Very 
commonly  it  is  marked  by  transverse  constrictions  into  rings, 
which  are  more  numerous  than  the  true  somites  as  indicated 
by  the  ganglia  and  the  segmental  organs ;  and  simple  glands 
may  open  upon  its  surface.  One  or  more  suckers,  which 
serve  as  organs  of  adhesion,  are  developed  upon  it.  In  some 
(Acanthobdella)  bundles  of  setae  are  present ;  in  others  [Bran- 
chellion)  the  sides  of  the  body  are  produced  into  lobe-like 
appendages ;  but  none  have  true  limbs,  unless  the  lateral  ap- 
pendages of  SistriohdeUa  are  to  be  considered  as  such ;  nor 
are  the  anterior  segments  of  the  body  so  modified  as  to  give 
rise  to  a  distinct  head. 

The  mouth  is  generally  situated  at  the  anterior  end  of  the 
body ;  the  anus  at  the  opposite  extremity,  on  the  dorsal  side 
of  the  terminal  sucker.  The  buccal  cavity  may  be  armed 
with  several  serrated  chitinous  plates,  as  in  the  Medicinal 
Leech,  where  there  are  three  such  teeth.  By  their  aid  the 
Leech  incises  the  skin  and  gives  rise  to  the  well-known  tri- 
ardiate  mark  of  a  leech-bite.  The  buccal  cavity  usually 
opens  into  a  muscular,  sometimes  protrusible,  pharynx,  from 
which  a  narrow  oesophagus  leads  into  a  stomach,  which  is  fre- 
uently  produced  into  lateral  cseca.  In  the  Medicinal  Leech 
Fig.  49),  for  example,  there  are  eleven  pairs  of  such  caeca, 
increasing  in  length  and  capacity  from  before  backward. 
From  the  stomach  a  narrow  intestine  leads  to  the  anus.     In 
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MalacobdeUa  the  alimentary  canal  is  a  sim- 
ple tube  bent  several  times  upon  itself. 
The  alimentary  canal  is  lined  by  the  cells 
of  the  endoderm,  and  the  space  between 
them  and  the  ectoderm  is  occupied  by  the 
mesoderm,  which  contains  abundant  con- 
nective and  muscular  elements,  and  is  ex- 
cavated by  the  blood-channels,  which  some- 
times have  the  form  of  wide  sinuses,  but 
in  other  cases  are  comparatively  narrow 
vessels  with  definite  walls. 

In  the  lower  Hirudinea^  as  Clepsine^ 
the  sinuses  and  vessels  appear  to  form  one 
continuous  system  of  cavities  containing  a 
fluid  which  must  be  regarded  as  blood.  But 
in  the  Leech  a  distinct  pseud-haemal  vascu- 
lar system  has  attained  a  great  degree  of 
definition  and  complexity :  it  consists  of 
(1)  a  median  dorsal  trunk  ;  (2)  a  median 
ventral  trunk,  in  which  the  ganglionic  nerve- 
chain  lies  ;  (3,  4)  two  wide  lateral  longitu- 
dinal trunks  (Fig.  50).  These  anastomose 
with  one  another,  and  give  off  numerous 
branches,  which  open  into  a  rich  capillary 
network,  situated  in  the  muscular  layer  of 
the  mesoderm,  and  on  the  segmental  and 
reproductive  organs.  The  fluid  contained 
within  these  vessels  has  a  red  color,  and 
contains  no  corpuscles. 

More  or  fewer  of  the  segments  of  the 
body  are  provided  with  what  are  termed 
segmental  organs.  These  are  tubes  which 
open  externally  on  the  ventral  wall  of  the 
body,  while  at  their  other  extremities  they 
either  open  into  the  sinuses  by  ciliated 
mouths  {Clepsine),  or  form  a  closed  and 
more  or  less  reticulated  non-ciliated  coil 
(Himdo),  These  obviously  answer  to  the 
ciliated  water-vessels  of  the  Turhellaria 
and  Trematoda. 

The  nervous  system  consists  ot  a  cerebral  mass 
the  mouth,  proceeding  from  which,  on  each  side,  is 
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Bure  conaeotjng  it  with  a  ventral  cord  on  which  ganglia,  cor- 
responding in  number  with  the  somites  of  the  body,  are  de- 


Fra.  SO.— A  diicmnniBtlc  -yiew  of  tie  arranaemeni  of  the  prlnolp*!  veBsele  of  the 
le«h  {nirudo  mtdurinaiiK).  after  Gratiolct.  The  inner  tnrthce  of  a  portion  of 
oce-b&ir  uf  the  body  is  depicted  :  a.  a.  the  ventnl  trunli;  t.  e\  «",  Ihe  literal 
tmnk  and  its  branciiea  ;  /. /,  tbe  domal  trunk  and  its  brunches  ;  v,  the  xlender 

bnnuheB  or  Ibe  l&tcnl  tmnb;  «, f,  the  branch  to  Ihe  teaila  la),  and  tbe  segmental 
onsD  id) ;  m.  branch  rrom  the  dilatation  on  Ibe  testis  to  Ihe  parieul  p^iaecs; 
fi,  D,  TBS  aeferens. 

Teloped,  In  Malacobddla,  these  cords  are  lateral  and  wide 
apart,  but,  in  all  the  other  Htrudinea,  they  eotne  close  to- 
gether behind  the  mouth,  and  occupy  the  middle  line  of  tlie 
ventral  face  of  the  body.  In  the  Leech,  according  to  Leuck- 
art,  there  are  originally  thirty  paira  of  post-oral  ganglia,  but 
the  seven  posterior  and  the  three  anterior  pairs  coalesce,  60 
that  only  twenty-three  pairs  are  distinguishable  in  the  adult. 
Nerves  are  given  off  to  the  pharynx  and  intestines,  and  the 
former  develop  special  ganglia. 

Simple  eyes  are  usually  present  on  the  anterior  or  oral 
segment,  and  receive  nerves  from  the  supraoesophageal  gan- 
glia. Id  the  Leech  these  eyes  are  situated  in  the  itrst  three 
segments.  Cup-shaped  depressions  of  the  integument  of  the 
anterior  segments  of  the  body,  lined  by  peculiar  glassy  cells 
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and  in  relation  with  nerves  which  terminate  in  fine  filaments, 
have  been  discovered  by  Leydig  in  several  of  the  Si'rudinea,^ 

The  elongated  spindle-shaped  muscle-cells  of  the  body  are 
abundant,  and  are  disposed  in  a  superficial  circular  and  deep 
longitudinal  layer,  while  dorso- ventral  bands  pass  from  the 
dorsal  to  the  opposite  body-wall. 

MalacohdeMa  and  Sistriohdella  are  dioecious,  but  the  other 
JSirudinea  are  hermaphrodite.  The  male  organs  consist  of 
numerous  testicular  sacs,  situated  on  each  side  of  the  body, 
and  connected  by  a  vas  deferens,  which  usually  opens  into 
a  sac,  terminating  in  an  eversible  penis.  The  spermatozoa 
are  often  inclosed  in  a  case  or  spermatophore.  The  female 
organs,  much  smaller  than  the  male,  consist  of  ovaries,  with 
oviducts  opening  into  a  vagina.  The  vaginal  orifice  is  behind 
that  of  the  penis.  In  the  Leech  the  eggs  are  inclosed  in  a 
sort  of  cocoon,  formed  by  a  viscid  secretion  of  the  integu- 
ment. 

The  observations  of  Rathke  and  Leuckart  on  the  develop- 
ment of  Nephelis^  Olepaine^  and  Hlrudo  show  that,  after  the 
division  of  the  vitellus  into  a  few  equal-sized  large  blasto- 
meres,  small  blastomeres  are  separated  from  the  large  ones  (as 
in  the  Gtenophora  and  Polycdis)^  and  the  rapidly-multiply- 
ing small  blastomeres  form  an  investment  to  the  slowly-divid- 
ing large  ones.  This  investment  is  the  epiblast,  and  becomes 
the  ectoderm,  while  the  included  larger  blastomeres  are  event- 
ually converted  into  the  cells  of  the  endoderm.  At  one  end 
of  the  body  the  oral  aperture  appears,  in  some  cases  (e.g., 
Nephelis)  surrounded  by  a  raised  lip,  as  in  the  embryo  Pla- 
narian ;  and  the  embryo  passes  into  the  Gastrula  stage.  The 
body  now  elongates,  and,  on  the  ventral  face,  the  mesoblast 
makes  its  appearance  as  a  layer  of  cells,  sometimes  divided 
into  two  longitudinal  bands,  separated  by  a  median  interval. 
Three  pairs  of  segmental  organs,  which  have  only  a  tempo- 
rary existence  and  have  been  regarded  as  primordial  kidneys, 
are  developed  at  the  posterior  end  of  the  body.  The  meso- 
blast next  becomes  divided  transversely  into  the  number  of 
somites  of  which  the  body  is  eventually  composed,  the  divis- 
ion first  making  its  appearance  on  the  ventral  face  of  the 
body.  A  pair  of  ganglia,  probably  derived  from  the  epiblast, 
is  developed  in  each  segment. 

Thus,  in  the  Leeches,  the  segmentation  of  the  body  is  the 
result  of  the  segmentation  of  the  mesoblast,  which  becomes 

1  **  Arcbiv  ftlr  Anatomie  und  Physiologie,"  1861, 
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the  mesoderm  of  the  adult.  And  it  is  this  segmentation  of 
the  mesoblast,  and  consequently  of  the  mesoderm,  which  con- 
stitutes the  most  important  difference  between  the  Leech  on 
the  one  hand  and  the  Turbellarian  and  Trematode  on  the 
other. 

On  the  other  hand,  in  the  development  of  a  mesoblast 
which  undergoes  division  into  segments,  the  Leeches  exhibit 
the  fundamental  character  of  all  such  segmented  Invertebrates 
as  the  chaetophorous  Annelida  and  the  Arthropoda, 

The  Oligoch^ta. — The  earthworm  {Lumbricfus)  and 
fresh-water  worms  (NiaiSy  Tubifex,  ChoBtog aster),  which  are 
included  under  this  name,  are  closely  allied  with  the  Leeches 
in  the  essential  points  of  their  structure  and  development, 
much  as  they  differ  from  them  in  habit  and  appearance. 

They  have  elongated,  rounded,  segmented  bodies,  often 
divided  by  many  superficial  transverse  constrictions  into 
rings,  which,  as  in  the  leeches,  may  be  more  numerous  than 
the  proper  somites.  There  are  no  limbs,  but  each  segment 
is  usually  provided  with  two  or  four  sets  of  longer  or  shorter 
chitinous  setae,  which  are  developed  and  lodged  in  integument- 
ary sacs.  The  outermost  layer  of  the  ectoderm  is  a  non-cili- 
ated chitinous  cuticle. 

The  mouth  is  situated  close  to  the  anterior  end  of  the 
body,  but  a  "  cephalic  lobe "  not  unfrequently  projects  be- 
yond it  on  the  dorsal  side.  The  anus  is  at  the  opposite  ex- 
tremity of  the  body,  and  the  straight  alimentary  tract  which 
connects  the  two  and  is  lined  by  the  endoderm  is  usually 
divided  into  a  pharyngeal,  oesophageal,  and  gastro-intestinal 
portion,  the  latter  often '  being  produced  laterally  into  short 
caeca.  The  mesoderm  presents  well-developed  transverse, 
longitudinal,  and  dorso-ventral  muscular  ^  fibres,  as  in  the 
Leeches.  It  is  excavated  by  a  spacious  perivisceral  cavity, 
which  contains  a  colorless  corpusculated  fluid,  and  is  divided 
by  thin  but  muscular  mesenteries,  which  stretch  from  the  in- 
testine to  the  parietes,  and  thus  break  up  the  perivisceral 
cavity  into  partially  separate  chambers.  In  addition,  there 
is  a  system  of  pseud-haemal  vessels,  like  those  of  the  Leeches, 
provided  with  contractile  walls,  and  containing  a  red  non- 
corpusculated  fluid.  No  communication  has  been  ascertained 
to  exist  between  these  vessels  and  the  perivisceral  cavity ; 
but  there  can  be  little  doubt  that,  as  in  the  case  of  the 
Leeches,  they  must  be  regarded  as  a  specially  differentiated 
part  of  the  general  system  of  the  perivisceral  cavity. 
9 
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In  the  majority  of  the  segments  there  are,  as  in  the  Si' 
ruditiea^  paired  segmental  organs ;  these  are  ciliated  and 
their  inner  ends  open  into  the  perivisceral  chamber. 

The  nervous  system  consists  of  prae-oral  or  cerebral  gan- 
glia, continued  backward,  on  the  ventral  aspect  of  the  body, 
by  commissures  on  each  side  of  the  oesophagus  into  a  double 
chain  of  closely  united  post-oral  ganglia. 

Large  tubular  fibres  are  imbedded  in  the  neurileniraa  of 
the  ganglionic  chain  on  its  dorsal  face.  In  the  earthworm 
there  are  three  of  these — one  median  and  two  lateral — ex- 
tending along  the  whole  length  of  the  ventral  end,  but  not 
into  the  oesophageal  commissures,*  The  nature  of  these 
structures  is  imknown. 

These  animals  are  hermaphrodite.  The  generative  organs 
are  situated  in  the  front  part  of  the  body,  the  male  organs 
being  anterior  to  the  female.  In  the  aquatic  Oligochoeta 
(NaiSy  Tvbifex)  the  genital  glands  have  no  proper  ducts,  but 
the  segmental  organs  of  the  segments  in  which  they  are  con- 
tained convey  the  generative  products  outward.  In  the  ter- 
ricolous  forms  {Lumhricus)  the  vasa  deferentia  are  continuous 
with  the  testes,  which  are  very  large.  The  ovaries,  on  the 
other  hand,  are  minute  solid  bodies  attached  to  one  of  the 
mesenteries,  and  the  oviducts  are  separate  tubes  with  funnel- 
shaped  mouths,  which  open  into  the  cavity  of  the  segment. 

In  JN'ais  and  Chcetogaster^  agamic  multiplication  occurs 
by  the  development  of  posterior  segments  of  the  body  into 
zodids,  which  may  remain  associated  in  chains  for  some  time, 
but  eventually  become  detached  and  assume  the  parental 
form.  Schulze  has  observed  that  when  a  Nais  has  divided 
into  an  anterior  and  posterior  zoOid,  the  last  somite  of  the 
former  gradually  enlarges,  and  becomes  divided  into  new 
somites,  the  anterior  of  which  give  rise  to  a  head.  A  new 
zot3id  is  thus  developed  between  the  previously  existing  ones. 
This  process  is  repeated  in  what  was  the  penultimate,  but  is 
now  the  ultimate  somite  of  the  anterior  zo(5id  ;  and  again  in 
the  penultimate  somite  when  it  has,  in  the  same  way,  become 
terminal. 

As  the  Earthworm  is  a  very  accessible  subject,  it  may  be 
useful  to  the  student  to  be  furnished  with  an  account  of  some 
of  the  chief  points  of  its  organization  more  in  detail. 

The  exterior  of  the  body  of  an  Earthworm  {Lumhricus 
terrestris^  ruhellus^  or  communis)  shows  a  number  of  close-set 

»  Clapardde, "  Histologisclie  Untersuchungen  tiber  den  Eegenwurm,"  1869. 
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transverse  grooves  which  divide  its  body  into  numerous  nar- 
row rings  or  segments/  The  most  anterior  segment  is  small 
and  conical,  and  presents,  on  its  under  surface,  a  depression 
which  is  the  oral  aperture.  The  anus  is  at  the  opposite  end 
of  the  body.  Behind  the  mouth,  the  successive  segments  rap- 
idly attain  their  average  size ;  but,  in  a  full-grown  worm,  a 
part  of  the  body,  into  which  more  or  fewer  of  the  segments 
between  the  twenty-fourth  and  thirty-sixth  inclusively  (29  ?- 
36,  L,  terrestris  ;  24-29  ?,  X.  ruhdlm  ;  26-32,  L,  communis) 
enter,  is  swollen,  of  a  different  color  from  the  rest,  provided 
with  abundant  cutaneous  glands,  and  receives  the  name  of 
cingxdum,  or  cliteUum,. 

In  the  dorsal  median  line  there  is  a  series  of  small  aper- 
tures or  pores,  one  for  each  segment  except  the  most  an- 
terior, which  lead  into  the  perivisceral  cavity ;  while  upon 
the  ventral  surface  of  the  anterior  part  of  the  body  the  eight 
apertures  of  the  organs  of  generation  are  situated.  Of  these, 
four,  situated  two  on  each  side,  between  the  ninth  and  tenth, 
and  the  tenth  and  eleventh  segments,  are  the  openings  of  the 
receptacula  seminia.  The  openings  of  the  two  oviducts  are 
on  the  fourteenth  segment ;  those  of  the  two  vasa  deferentia 
on  the  fifteenth.  Besides  these,  all  the  segments,  except 
some  of  the  most  anterior,  exhibit  a  pair  of  minute  openings 
appertaining  to  the  segmental  organs  ;  and  they  are  further 
perforated  by  the  four  longitudinal  double  rows  of  setaB, 
which  project  slightly  beyond  the  surface  of  the  integument, 
and  offer  a  certain  resistance  when  the  worm  is  drawn  from 
tail  to  head  through  the  fingers. 

The  body  is  invested  in  a  thin  and  transparent  but  dense 
cuticulUj  perforated  by  excessively  minute  vertical  canals. 
Within  this  lies  a  thicker  layer,  consisting  of  a  reticulated 
nucleated  protoplasm,  the  meshes  of  which  are  filled  with 
a  transparent  gelatinous  substance.  This  layer  probably  rep- 
resents both  the  dermis  and  epidermis,  and  has  been  termed 
the  hypodermis.  Internal  to  it  lies  a  thick  layer  of  circular 
muscular  bands,  in  the  interstices  of  which  pigment-granules 
ocsur ;  and,  still  more  internally,  is  a  much  thicker  coat  of 
muscular  fibres,  which  are  disposed  longitudinally. 

The  cavity  circumscribed  by  this  longitudinally  fibrous 
muscular  layer  is  lined  by  a  kind  of  connective  tissue.  Cor- 
responding with  the  divisions  between  every  pair  of  segments 

>  The  question  how  far  all  these  segments  represent  somites  may  be  left 
open.  The  history  of  the  development  of  the  Earthworm  is  in  favor  of  their 
being  true  somites. 
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(except  in  the  most  anterior  part  of  the  body),  this  connective 
tissue  is  continued  transversely  toward  the  axis  of  the  body, 
and  passes  into  that  which  forms  the  wall  of  the  intestine; 
while,  on  the  ventral  side,  it  forms  an  arch  over  the  ventral 
nervous  cord  and  the  vessels  which  accompany  it.  In  the 
interior  of  each  of  these  mesenteric  septa^  radiating  and  circu- 
lar muscular  fibres  are  abundantly  developed,  and  the  former 
are  connected  externally  with  the  superficial  layer  of  trans* 
verse  muscles. 

The  perivisceral  cavity  is  thus  divided  into  nearly  as  many 
short  chambers  as  there  are  segments;  each  chamber  com- 
municates with  the  exterior,  directly  by  the  dorsal  pore  and 
indirectly  through  the  segmental  organs,  while  fluid  may  pass 
from  one  to  the  other  by  the  supra-neural  archways. 

The  short  and  curved  setae  project  much  farther  into  the 
interior  of  the  body  than  they  do  on  to  its  exterior.  The  free 
apices  of  each  pair  are  situated  close  together,  while  their 
inner  ends  diverge  from  one  another.  Each  is  inclosed  in  a 
sac  in  which  it  is  developed,  and  to  which  the  muscles,  by 
which  it  is  protruded,  are  attached.  There  are  eight  setaB  to 
each  somite,  one  pair  not  far  from  the  ventral  median  line  on 
each  side  ;  and  the  other  pair  placed  in  the  same  transverse 
line,  but  further  outward. 

The  mouth  leads  into  a  muscular  pharynx,  with  a  com- 
paratively small  internal  cavity,  which  reaches  as  far  back 
as  the  seventh  segment.  From  this  a  narrow  oesophagus  is 
continued  as  far  back  as  the  fifteenth  or  sixteenth  segment ; 
and  presents  three  pairs  of  lateral  glandular  diverticula,  which 
contain  a  calcareous  matter,*  in  the  region  of  the  twelfth  and 
thirteenth  segments.  Posteriorly,  the  gullet  opens  into  a 
crop,  which  is  succeeded,  about  the  eighteenth  segment,  by  a 
thickened  and  muscular  gizzard. 

Upon  this  follows  the  intestine,  which  has  the  appearance 
of  a  simple  tube ;  but  is  in  reality  complicated  by  the  invo- 
lution of  its  wall,  along  the  dorsal  median  line,  into  a  thick 
fold,  which  projects  into  the  interior  of  the  intestinal  cavity, 
and  is  the  so-called  typMoaole.  The  exterior  of  the  intestine 
and  the  cavitv  of  the  typhlosole  present  a  coating  of  yellow- 
ish-brown cells. 

The  segmental  organs  are  greatly  convoluted  tubes,  situ- 

1  The  nature  of  this  sabstance  has  recently  been  discussed  by  M.  E.  Penier, 
'*  Etude  sur  un  genre  nouveau  des  Lombriciens.''  (*  ^Archives  ^e  Zoologie  ez- 
p^rimentale,"  1878.) 
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ated  one  on  each  side  of  every  segment  except  the  first,  and 
attached  to  the  posterior  mesenteric  septum  of  the  segment. 
Each  canal  communicates  internally,  by  a  wide  funnel-shaped 
ciliated  aperture,  with  the  perivisceral  cavity,  while  external- 
ly it  opens  by  a  minute  pore,  which  is  usually  close  to  the  in- 
ternal pair  of  setse.^ 

A  colorless  fluid,  containing  colorless  corpuscles,  and  an- 
swering to  the  blood  of*  other  invertebrated  animals,  occu- 
pies the  perivisceral  cavity  ;  but,  in  addition  to  this,  there  is 
a  deep-red  fluid,  devoid  of  corpuscles,  which  fills  a  very  large- 
ly developed  system  of  pseud-haemal  vessels.  These  consist 
of  longitudinal  and  transverse  principal  trunks,  and  of  very 
numerous  branches  which  proceed  from  them  and  ramify  in 
all  parts  of  the  body,  except  the  cuticle  and  hypodermis. 

The  longitudinal  trunks  are  three  :  one  supra-intestinaly 
which  lies  along  the  dorsal  aspect  of  the  alimentary  canal; 
one  8ub-intestincd^  which  corresponds  with  this  on  the  ven- 
tral aspect  of  that  canal ;  and  one  sub-neural^  which  lies  be- 
neath the  ganglionic  cord. 

The  supra-intestinal  and  sub-intestinal  vessels  are  con- 
nected in  the  greater  number  of  the  segments  by  pairs  of  com' 
missurcU  transverse  trunks,  which  embrace  the  intestine,  and 
give  oflF  numerous  branches  to  it.  The  supra-intestinal  and 
sub-neural  vessels  give  oflFtransverse  trunks  into  the  mesenter- 
ic septa,  which  branch  out  into  the  muscular  layers,  and  some 
of  which  anastomose  so  as  to  form  a  second  set  of  transverse 
communications.  Moreover,  the  sub-neural  trunk  and  the 
sub-intestinal  trunk  respectively  send  branches  to  each  seg- 
mental organ,  upon  which  they  are  distributed,  and,  anastomo- 
sing, give  rise  to  another  series  of  communications  between 
the  longitudinal  trunks. 

In  the  seven  most  anterior  segments,  the  longitudinal 
vessels  break  up  into  a  network,  and  there  are  no  distinct 
transverse  commissural  vessels.  Behind  these,  and  in  the 
region  of  the  generative  apparatus,  the  commissural  vessels 
are  greatly  dilated,  and  form  from  five  to  eight  pairs  of  so- 
called  hearts  which  are  attached  to  the  anterior  faces  of  as 
many  mesenteries.  These  contract  from  the  dorsal  toward 
the  ventral  side. 

The  nervous  system  consists  of  two  cerebral  ganglia 
lodged  above  the  pharynx  in  the  third  segment,  and  united 

» Geffenbanr, "  Ueberdie  BogenanntenReBpiratioiisorgane  des  Regenwuims." 
(ZtUte&^/ar  wist,  ZoologU,  1852.) 
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by  commissural  cords  with  the  anterior  ganglia  of  the  chain, 
which  extends  through  the  whole  length  of  the  body  on  the 
ventral  wall  of  the  perivisceral  cavity. 

There  are  no  eyes,  nor  are  any  other  organs  of  special 
sense  known. 

The  Earthworm  is  hermaphrodite.  The  testes  are  two 
pairs  of  large  sacs,  each  of  the  anterior  pair  being  bilobed. 
The  testes  of  opposite  sides  are  united  in  a  common  median 
reservoir,  situated  in  the  tenth  and  eleventh  segments,  from 
which,  on  each  side,  ducts  take  their  origin.  The  two  ducts 
of  the  testes  of  the  same  side  unite  into  a  single  vas  deferens, 
and  these  two  vasa  deferentia  open  externally  on  the  ventral 
aspect  of  the  fifteenth  segment.  The  ovaries  are  two  minute 
solid  bodies,  not  more  than  -^  of  an  inch  long,  attached  to 
the  posterior  face  of  the  mesenteric  septum  which  separates 
the  twelfth  and  thirteenth  segments.  They  therefore  lie  in 
the  cavity  of  the  latter.  The  oviducts  are  quite  distinct  from 
the  ovaries,  and  open  internally  by  wide,  funnel-shaped  aper- 
tures, situated  in  the  cavity  of  the  thirteenth  segment.  From 
these  funnel-shaped  ends  the  oviducts  are  continued,  as 
slender  tubes,  through  the  mesenteric  septum  which  separates 
the  thirteenth  from  the  fourteenth  segment,  and  open  on  the 
ventral  face  of  the  latter. 

Four  globular  spermathecse,  or  receptacles  of  the  sper- 
matozoa, are  situated,  two  on  each  side,  in  the  tenth  and 
eleventh  segments,  and  open  on  the  ventral  face  between 
the  ninth  and  tenth  and  the  tenth  and  eleventh  segments 
respectively.  These  are  filled  when  copulation  takes  place, 
during  which  process  the  two  worms  are  said  to  be  bound 
together  by  a  tough  secretion  of  their  clitella. 

The  development  of  the  Oligochceta  has  recently  been 
carefully  investigated  by  Kowalewsky.  The  eggs  of  the 
Earthworm  are  laid  in  chitinous  cocoons  or  cases,  which  are 
probably  secreted  by  the  clitella.  In  addition  to  the  eggs, 
the  cocoons  inclose  an  albuminous  fluid,  and  packets  of  sper- 
matozoa. The  vitellus  is  invested  by  a  membrane,  and  con- 
tains a  germinal  vesicle  and  spot.  Complete  yelk-division 
takes  place,  and  eventually  the  blastocoele  becomes  reduced 
to  a  mere  cleft.  The  blastomeres  are  disposed  in  two  layers 
— one  consisting  of  small  and  the  other  erf  large  blastomeres. 
The  embryo  thus  formed  becomes  concave  on  the  side  formed 
by  the  large  blastomeres,  until  it  assumes  the  form  of  a  sac, 
ciliated  externally,  with  an  opening,  the  future  mouth,  at  one 
end ;  the  cavity  of  the  sac  being  the  primitive  alimentary 
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canal,  and  the  layer  of  large  blastomeres,  the  hypoblast.  Be- 
tween the  two,  a  mesoblastic  layer  appears,  but  the  exact 
manner  of  its  origin  is  not  known.  On  one  face  of  the  sac- 
cular embryo  the  mesoblast  becomes  divided  into  a  series  of 
quadrate  masses,  like  the  pro  to  vertebrae  of  a  vertebrate  em- 
bryo, disposed  symmetrically  on  each  side  of  a  median  line, 
which  corresponds  with  the  future  ventral  median  line  of  the 
body.  Along  this  line,  the  epiblast  becomes  thickened  in- 
ward, and  the  thickening  is  converted  into  the  ganglionic" 
chain.  At  the  same  time,  each  quadrate  mass  of  the  meso- 
blast is  excavated  by  the  development  of  a  cavity  in  its  in- 
terior, whereby  it  becomes  converted  into  a  sort  of  sac.  The 
adjacent  anterior  and  posterior  walls  of  successive  sacs  unite, 
and  give  rise  to  the  mesenteric  septa,  while  their  cavities 
become  the  chambers  of  the  perivisceral  cavity.  The  seg^ 
mental  organs  commence  as  cellular  outgrowths  from  the 
posterior  face  of  each  septum  thus  formed,  and  only  subse- 
quently become  excavated  and  communicate  with  the  exte- 
rior. 

The  development  of  the  Earthworm,  therefore,  closely  re- 
sembles that  of  the  Hirudinea^  and  more  especially  that  of 
the  Medicinal  Leech,  in  which  the  digestive  cavity  of  the 
embryo  would  seem  to  be  formed,  as  in  the  Earthworm,  by  a 
process  which  is,  in  a  sense,- invagination.  It  would  appear 
that  the  first-formed  aperture  is  the  mouth ;  while  the  anus 
is  a  secondary  perforation;  and  the  segmentation  of  the  body 
commences  in  the  mesoblast. 

In  the  fresh-water  Oligochmta^  Euaxes  and  Thibifex^  the 
vitellus  also  becomes  divided  into  large  and  small  blastomeres. 
The  latter  extend  over  the  larger  blastomeres,  and  form  the 
epiblast  (=  ectoderm).  A  mesoblast  (=  mesoderm),  divided 
into  two  broad  longitudinal  bands,  is  developed,  and  the  oral 
cavity  is  said  to  be  formed  by  invagination  of  the  epiblast 
between  the  anterior  ends  of  the  two  bands  of  the  mesoblast. 
In  this  case,  the  mouth  in  these  genera  is  a  secondary  forma- 
tion. The  innermost  layer  of  large  blastomeres  becomes  the 
hypoblast  (=  endoderm).* 

The  Polych^ta. — Except  that  the  Polychosta  are  almost 
invariably  dioecious  and  marine,  while  the  Oligochoeta  are 
moncecious,  and  inhabitants  either  of  land  or  fresh  water,  it 

»  Kowalewsky,  "  Embryologische  Studien."  ("  M^moires  de  TAoad^mie  de 
St  P6tersbourg,'"  1861.) 


200         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

is  hard  to  say  what  absolute  characters  separate  these  two 
groups.  The  lowest  forms  of  the  Folychoeta^  such  as  Capi- 
tella  and  Polyophthalmus^  might  be  regarded  as  marine  dioe- 
cious Kaidce.  But,  in  the  higher  Folychceta^  each  segment 
of  the  body  develops  lateral  processes— the  parapodia^  or 
rudin^entary  limbs,  which  are  usually  provided  with  abundant 
strong  setae;  a  distinct  cephalic  segment,  the  prcestomiurn^ 
appears  in  front  of  and  above  the  mouth,  and  bears  eyes  and 
tentacles ;  while  those  parapodia  which  lie  in  the  vicinity  of 
the  mouth  may  be  specially  modified  in  form  and  direction, 
foreshadowing  the  jaws  of  the  Arthropoda,  Ciliated,  some- 
times plumose,  processes  of  the  dorsal  walls  of  more  or  fewer 
of  the  segments  may  perform  the  office  of  external  hranchicB  ; 
and,  occasionally,  the  dorsal  surface  gives  rise  to  flat  shield- 
like processes,  the  so-called  elytra. 

The  following  detailed  description  of  a  very  common 
species  of  Polynoe  will  give  a  fair  conception  of  a  polychse- 
tous  Annelid,  in  which  the  highest  degree  of  complexity  of 
organization  known  in  the  group  is  attained : 

Polynoe  squamata  is  an  elongated  vermiform  animal, 
about  an  inch  long,  the  body  of  which  is  divided  into  a  suc- 
cession of  portions,  for  the  most  part  similar  and  equivalent 
to  one  another,  but  presenting  peculiar  modifications  at  the 
anterior  and  posterior  extremities.  Each  such  portion  is 
properly  termed  a  somite  /  while  the  term  "  segment "  may 
be  retained  to  indicate  generally  a  portion  of  the  body,  with- 
out implying  its  precise  equivalency  to  one  somite  or  to 
many.  Thus,  then,  the  body  of  the  Polynoe  is  composed  of 
a  series  of  twenty-six  "  somites,"  terminated  anteriorly  by  a 
"segment,"  the  proestomium  (''Kopf-lappen,"  Grube),  and 
posteriorly  by  another,  the  pygidium^  which  may  or  may  not 
represent  single  somites. 

If  one  of  the  somites  from  the  middle  of  the  body  (Fig, 
61,  (7,  D)  be  examined  separately,  it  will  be  found  to  be 
transversely  elongated,  so  as  to  be  about  three  times  as  broad 
as  it  is  long,  and  to  be  slightly  convex  above  and  below, 
presenting  a  deep,  median,  longitudinal  groove  inferiorly. 
Laterally  the  somite  is  produced  into  two  thick  processes, 
the  ^^ parapodia?'* 

Each  parapodium  divides  at  its  extremity  into  two  por- 
tions, a  superior  and  an  inferior,  which  may  be  denominated 
respectively  the  notopodium  (Fig.  51,  i)  and  the  neuropodium 
(k),  the  one  occupying  the  "  hasraal "  or  dorsal,  the  other  the 
"neural"  or  ventral  aspect.     The  latter  is,  in  this  species 
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80  much  the  lai^er,  that  the  notopodium  appears  like  a  mere 
tubercle  projectiog  from  its  upper  surface.  In  other  Anne- 
lida, however,  and  in  the  youag  state  of  PolynUe,  the  notopo- 


Fia.  Sl.—Polyii6e  iqaamala. 

A.  Viewed  tram  aBoTe  und  eubrfrad :  O.  t,  C 
left  between  Iho  twr.poelertoreljtni;  g, .^ 

B.  PoMerlor  extremliy,  inferior  view :  d,  pygidi»l  cirri  ;  A,  iiiterlor  mberela  1 1 
notopodlkl  and  neuropodisl  cirri. 

O.  Bactlon  of  lulf  asomitewllh  eljlron:  (,  nolopodlnm ;  *,  nenropodinai. 
D.  Bectlonof  halfaaomiu  wltliclrrae. 

dium  is  as  large  as  the  neuropodium.  Both  divisions  of  the 
parapodia  are  armed  with  peculiar  stiff,  hair-like  appendages 
{g),  composed  of  chitin,  and  developed  within  diverticula  of 
the  integment,  or  trichophores,  in  which  their  bases  always 
remain  inclosed,  'ITiese  can  be  protruded  and  retracted  by 
muscles  attached  to  their  sacs,  and  they  vary  exceedingly  in 
form.  Three  distinct  kinds  are  observable  in  PolynOe  alone. 
The  notopodium  and  the  neuropodium  carry  each  a  single, 
sharp,  style-like  aciculum,  the  greater  part  of  the  length  of 
which  is  imbedded  in  the  parapodium  and  its  divisions,  while 
the  point  just  projects  at  about  the  centre  of  the  latter.  The 
oeuropodial  is  very  much  longer  than  the  notopodial  aoioulum. 
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Superiorly,  the  notopodiiun  carries  two  transverse  rows  of 
more  slender  organs  of  a  similar  nature,  the  aetcB  :  the  proxi- 
mal set  are  mucb  shorter  than  the  distal,  but  even  the  latter 
do  uot  attain  a  length  of  more  than  -^  of  an  inch  (Fig.  53, 

The  prosimal  set  are  somewhat  knife-like  in  shape  if  viewed 
in  profile,  consisting  of  a  comparatively  short,  straight  "han- 
dle," by  which  they  are  imbedded  in  their  sacs,  and  of  a  thick, 
rounded,  curved  blade,  tapering  to  a  fine  point  at  its  extrem- 
ity. Close-set  transverse  ridges,  finely  serrated  at  their  edges, 
and  inclined  obliquely  to  the  surface  of  the  blade,  traverse 
its  convex  anterior  circumference,  leaving  the  back  free.  The 
distal  setse  (Fig.  52,  G)  have  a  very  simQar  structure,  but  they 
are  much  elongated  and  very  slender.  The  handle  is  longer; 
and  the  blade,  little  curved  and  simply  set  on  an  angle  with 


^ 
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...    ^,  ^,  .,..„..ipod1al  setffi.   F,  F,  parts  of 
inlHed.     B,  tree  sitremltT  ot  a  notopodU 


the  handle,  is  produced  at  the  end  into  a  long  and  delicate 
filament.     The  base  of  the  blade  (£)  is  beset  with  incomplete 
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ridges,  like  those  of  the  short  setae,  but  toward  the  middle 
(JF)  these  ridges  appear  to  encircle  the  blade  completely,  as- 
suming the  aspect  of  so  many  closely -imbricated  concentric 
scales,  before  finally  becoming  obsolete  upon  the  extremity 
of  the  seta. 

The  neuropodial  aciculum  needs  no  special  notice,  except 
that  the  extremity  of  its  trichophore  projects  as  a  sort  of 
papilla,  less  obvious  in  full-grown  specimens,  which  divides 
the  neuropodium  into  an  upper  and  a  lower  portion,  the  for- 
mer containing  about  half  as  many  setae  as  the  latter.  The 
apertures  of  the  trichophores  are  placed  between  lobe-like 
prolongations  of  the  neuropodium,  to  which  the  special  term 
of  labia  (Grube)  may  be  applied.  In  this  species  they  pre- 
sent no  remarkable  peculiarity  beyond  their  inequality. 

The  neuropodial  setae  (Fig.  52,  (7,  D),  although  at  first 
sight  very  different  from  the  notopodial  selje,  are,  in  truth, 
constructed  on  essentially  the  same  plan,  the  blade  being 
short,  while  the  handle  is  proportionally  elongated.  ,  The 
blade  is  subcylindrical  at  its  base,  pointed  and  slightly  curved. 
Eight  or  nine  transverse  ridges  extend  around  about  two-thirds 
of  the  circumference  of  its  proximal  half;  the  basal  ridges 
are  narrow,  and  merely  serrated,  but  toward  the  apex  the 
ridges  become  deeper,  and  the  serrations  pass  into  strong 
teeth  ;  at  the  same  time,  one  side  of  the  ridge  is  elongated 
into  a  strong  point. 

Attached  to  the  under  surface  of  the  parapodium  by  a 
somewhat  enlarged  base,  with  which  it  is  articulated,  is  a 
smooth,  conical,  very  flexible  filament — the  neuropodial  cir' 
ru8  (Fig.  61,  c')  ;  it  hardly  reaches  to  the  end  of  the  neuro- 
podium. Again,  springing  from  the  neural  surface  of  the 
somite,  close  to  the  parapodium,  there  is  a  small  pyriform 
tubercle  (A),  divided  by  longitudinal  grooves  into  about  eight 
segments.  This  is  possibly  connected  with  the  reproductive 
function. 

The  appendage  of  the  notopodium,  or  rather  of  the  noto- 
podial side  of  the  parapodium  and  somite,  varies  according 
to  the  particular  somite  which  may  be  examined.  In  some 
somites  this  appendage  is  a  cirrus  (Fig.  51,  /),  c)  similar  to 
the  neuropodial  cirrus,  but  much  larger,  equaling  the  semi- 
diameter  of  the  body  in  length,  and  presenting  an  enlarged 
pigmented  bulb  of  attachment  to  which  the  filament  of  the 
cirrus,  which  is  cylindrical  for  about  two-thirds  of  its  length, 
and  then  becomes  enlarged  and  suddenly  tapers  to  its  extrem- 
ity, is  articulated. 
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In  the  other  somites  the  notopodial  appendage  is  a  large, 
thin,  oval  plate — the  elytron  (Fig.  51,  C,  c).  It  is  attached 
by  a  thick  peduncle,  and  has  its  long  axis  directed  obliquely 
outward  and  backward.  The  surface  of  the  elytron  (Fig.  52, 
A)  is  covered  with  an  ornamentation  of  larger  or  smaller 
tubercular  prominences,  granulated  and  ridged  upon  their 
surface.  A  part  of  the  inner  and  anterior  edge  of  each  ely- 
tron overlaps  or  is  overlapped  by  its  fellows  for  a  certain  ex- 
teat  of  its  circumference,  which  is  so  far  smooth,  but  in  the 
rest  of  its  extent  it  is  fringed  with  coarse  brownish  filaments 
or  fimbriciBy  which  arise  from  the  upper  surface  just  within  the 
edge,  and  are  obviously  outgrowths  of  the  same  order  as  the 
tubercles. 

Such  is  the  structure  of  one  of  the  middle  somites  of 
Polynde  squamata.  The  anterior  and  posterior  somites,  with 
the  exception  of  the  first  and  second,  present  only  minor  dif- 
ferences, as  in  the  proportion  of  the  setse,  or  in  the  figure  of 
the  elytra.  The  first  somite,  which  contains  the  mouth,  is  the 
peristomium  ("  Mund-Segment  "  of  Grube).  The  parapodia 
of  this  somite  are  narrow  and  elongated  (Fig.  53,  -B,  C,  m) ; 
they  are  obscurely  divided  at  their  extremity  into  a  rudimen- 
tary neuropodium  and  notopodium,  and  give  attachment  to  a 
pair  of  large  peristomial  cirri  (c'  c)  ("  cirrhes  tentaculaires," 
Audouin  and  Milne-Edwards  ;  "  Fiihler-cirren,"  Grube),  of 
the  same  structure  as  the  notopodial  cirri,  which  stretch  for- 
ward by  the  sides  of  the  mouth. 

The  apex  of  a  single  small  aciculum  issues  rather  above 
the  point  of  division  of  the  peristomial  parapodium,  and  two 
minute  curved  setae  accompany  it.  These  have  been  generally 
overlooked  ;  *  but  they  seem  to  demonstrate,  in  a  very  inter- 
esting manner,  the  nature  of  the  appendages  of  the  peristo- 
mial segment. 

The  second  somite  differs  from  the  rest  only  in  the  great 
elongation  of  its  neuropodial  cirrus,  which  is  directed  forward 
and  applied  against  the  mouth. 

The  peristomium  and  the  prsestomium  together  are  ordi* 
narily  confounded  under  the  common  term  of  "  head."  The 
latter  (Fig.  53,  J?,  (7,  I)  is  an  oval  segment  flattened  superior- 
ly, placed  altogether  in  front  of  and  above  the  mouth,  pre- 
senting on  its  posterolateral  edges  four  dark  spots,  the  eyes, 
and  possessing  ^ve  cirriform  appendages,  two  pairs  and  a 

1  At  least,  in  the  descriptiona  of  the  adult  Iblvnde,  They  are  particularly 
mentioned,  however,  by  Max  Mtiller  in  his  valuable  paper,  '**  Ueber  die  Ent- 
wiokelung  und  Metamorphose  der  Polynoen.''    {MulUr^s  Archiv,  1841.) 
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single  median  one.  The  latter  (a),  or  the  prCBstomiaJ  tentacle 
("  antenne  m^diane,"  Milne-Edwards),  ia  Bimilar  in  structure 
to  an  ordinary  cirrus.  Of  the  other  appendates,  the  upper 
one  upon  each  side  (supero-lateral  prfestomial  cimiB,  "  an- 
tenne mitoyenne  ")  also  resembles  an  ordinary  cirrus  (b) ;  Imt 
the  lower  (infero-lateral  prtestomial  cirrus,  "  antenne  ex- 
terne  ")  (&')  is  much  larger,  and  ia  capable  of  extreme  elon- 


„,  ^^^, extremity  from  aboTe  :  ■?,  notupodU]  cirmB  ol  last  H>mlt«;  ff,  PTgldUI 

S.  Anierloi  eitremltr  mm  aboTo:  a,  pmetomlsl  tentacle;  b.  saperlor  and  b* 
luferloT  pTffiflluialar  clnuB  ;  r,  e',  notopodial  nod  nearopodial  elm  ; «%  pedanol* 
of  flret  ejjtron ;  I.  pnesloinlain  ;  m.  parapodium  of  perUtomlnm.  C.  Inferior 
view  of  anterior  eitremlty,  leltera  bb  bebre. 

Kation  and  contraction,'  while  the  ordinary  cirri  are  merely 
flexible.  Although  at  first  sight  probable,  yet  it  would  ap- 
pear, from  Max  Muller's  account  of  the  development  of  Poly- 
nSe,  that  these  two  appendages  do  not,  like  the  two  peristo- 
miul  cirri  which  they  essentially  resemble,  correspond  with 
the  notopodial  and  neuropodial  cirri  of  a  single  parapodium, 
inasmuch  as  they  arise  from  perfectly  distinct  portions  of  the 
prcestomium.  It  is  very  possible  that  each  represents  the 
appendage  of  a  somite,  and  in  this  case  the  priestoniium 
would  be  composed  of  at  least  two  somites.  Whether  the 
prsestomial  tentacle  indicates  another,  or  whether  it  is  merely 
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an  appendage  of  such  a  nature  as  the  labrum  or  the  rostmin 
of  a  Crustacean,  there  is  no  evidence  at  present  to  show. 

It  is  highly  interesting  to  remark  that  thus,  in  the  Poly- 
noe,  as  in  the  Arthropoda^  the  "  head  "  results  from  the  modi- 
fication of  a  number  of  somites,  some  of  which  lie  in  front  of, 
and  others  behind,  the  mouth.  The  movements  and  evident 
extreme  sensitiveness  of  the  inferior  prsestoraial  cirri  during 
life  indicate  that  they  perform  the  functions,  as  well  as  occupy 
the  position,  of  antennae. 

The  hindermost  segment  of  the  body,  or  pygidium  (Fig, 
51,  JB^  Fig.  53,  A)^  is  narrow,  and  divided  at  the  end  into  two 
supports  for  the  pygidial  {d)  cirri  which  are  as  long  as  the 
three  last  somites,  and  resemble  the  notopodial  cirri  hi  foim 
and  structure.  They  extend  directly  backward,  almost  paral- 
lel \Vith  one  another,  and  with  the  notopodial  cirri  of  the  last 
somite,  which  are  thrown  backward  and  downward  (Fig.  53, 
-4,  c).  It  seems  probable  that  the  pygidium  represents  only 
a  single  somite. 

The  anus  is  not  terminal,  as  in '  many  Annelids,  but  is 
seated  in  the  middle  of  a  strongly-raised  papilla  (Fig.  63, 
-4,  a),  which  projects  from  the  dorsal  surface  of  the  penulti- 
mate somite  ;  its  sides  are  produced  into  about  fourteen  folds. 
The  two  last  elytra  have  their  edges  excavated,  so  as  to  leave 
a  space  over  the  anus  (Fig.  51,  A^f), 

The  notopodial  cirri  and  the  elytra  do  not  coexist  upon 
the  same  somites ;  and  the  order  of  arrangement  of  the  ely- 
trigerous  and  cirrigerous  somites  is  very  curious.  The  1st  or 
peristomial  somite  is  cerrigerous,  and  so  are  the  3d,  6tb,  8th, 
10th,  12th,  14th,  16th,  18th,  20th,  22d,  24th,  25th,  and  26th  ; 
while  the  2d,  4th,  6th,  7th,  9th,  11th,  13th,  15th,  17th,  19th, 
21st,  and  23d,  somites  bear  elytra,  making  twelve  pairs  in  all. 

In  no  polychaetous  Annelid  is  the  stracture  of  a  somite 
more  complex  than  in  Polynoe  /  and  there  are  but  very  few 
parts  not  found  in  Polynoe  to  be  met  with  in  other  Annelida, 
The  careful  study  of  this  species,  therefore,  furnishes  us  with 
an  almost  complete  nomenclature  for  the  external  organs  of 
the  whole  group ;  and  it  will  be  found  that  the  other  forms 
of  Annelida  differ  mainly  in  the  greater  or  less  development 
and  modification  of  the  organs  which  have  just  been  de- 
scribed. A  large  proportion  of  the  Polychoeta  are  like  Poly- 
ndej  free  and  actively  locomotive  animals,  which  rarely  fabri- 
cate tubular  habitations,  and  are  therefore  termed  P/rrantia  y 
they  possess  a  praestomium,  usually  provided  with  eyes  and 
feelers,  and  have  many  parapodia,  which  are  not  confined  to 
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the  anterior  re^on  of  the  body.  They  very  generally  have  a 
proboscis,  provided  with  chitinous  teeth. 

The  singular  genus,  Tomopteris^  is  a  transparent  pelagic 
Annelid,  with  numerous  parapodia,  each  terminated  by  two 
lobes  representing  the  neuropodium  and  notopodium,  but 
with  setsB,  two  of  which  are  very  long,  only  in  the  cephalic 
region. 

The  sedentary  Annelids  {Tuhicola)  fabricate  tubes,  either 
by  gluing  together  particles  of  sand  and  shells,  or  by  secret- 
ing a  chitinous  or  calcified  shelly  substance,  in  which  they 
remain  (e.  g.,  Protula^  Fig.  54).  The  praestomium  is  small  or 
wanting ;  none  have  a  proboscis  ;  there  are  no  cirri ;  and  the 
parapodia  are  short  or  rudimentary.  The  branchiae  are  devel- 
oped only  on  the  anterior  somites,  and  the  latter  are  often 
markedly  different  from  those  which  constitute  the  posterior 
part  of  the  body. 

In  some  {SerpuHdce)  a  tentacle  is  enlarged  and  its  end 
secretes  a  shelly  plate  which  serves  as  an  operculum,  and 
shuts  down  over  the  mouth  of  the  calcareous  tube  inhabited 
by  the  animal,  when  it  is  retracted.  The  dilated  end  of  the 
opercular  tentacle  sometimes  serves  as  a  chamber  in  which 
the  young  undergo  their  development  (species  of  Spirorhis). 

The  alimentary  canal  of  the  polychaetous  Annelida  rarely 
presents  any  marked  distinction  between  stomach  and  intes- 
tine, and  is  almost  always  of  the  same  length  as  the  body,  ex- 
tending, without  folds  or  convolutions,  from  its  anterior  to 
its  posterior  extremity  ;  but  in  Siphonoatomum  ( Chlorcema)^ 
Pectinaria  and  others,  it  is  more  or  less  convoluted.  It  is 
attached  by  membranous  bands,  or  more  complete  mesenteries, 
to  the  walls  of  each  somite,  and  very  commonly  presents  a  dila- 
tation between  every  pair  of  mesenteries.  In  most  Polychxjeta^ 
the  intestine  acquires  in  this  way  merely  a  moniliform  appear- 
ance, but  in  Polynoe^  Aphrodite^  Sigalion^  and  their  allies, 
long  caeca  are  given  oflf  upon  each  side  of  the  alimentary 
canal,  and,  sometimes  becoming  more  or  less  convoluted,  ter- 
minate at  the  upper  part  of  each  segment  (Fig.  61,  D)  close 
beneath,  or  in  the  branchiae,  where  such  organs  exist. 

The  anterior  portion  of  the  alimentary  canal  is,  in  a  great 
number  of  the  Polychceta,  in  fact  in  all  the  typical  Errantia^ 
so  modified  as  to  constitute  a  distinct  muscular  pharynx,  the 
anterior  portion  of  the  wall  of  which  can  be  everted  like  the 
finger  of  a  glove,  from  the  aperture  of  the  mouth,  and  the 
posterior  portion  protruded,  so  as  to  form  a  proboscis.  In 
Polynde  squamcUa,  the  proboscis  is  one-fourth  as  long  as  the 
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Fio.  Si.—Pmlula  DvtUri.  A.  tbe  MiwH.  mBtiira  inlnwl,  eitMcted  ftom  lu 
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body :  c.  the  month ;  il.  the  Ftomach :  e,  the  mat ;/,  tbs  leiteB  ;  g,  tbe  OTi 
■  mtufn  Id  course  at  pra]lI«istlon;  b,  ibe  brauchls  oTthe  »01d. 


body,  and  its  walk  are  very  thick  and  muscular.  At  its  an- 
terior extremity  it  is  surrounded  with  a  circle  of  stnall  papil- 
lie,  immediately  behind  which  are  four  strong,  pointed  and 
curved  horny  teeth,  implanted  in  the  muscular  wall  (Fig,  Ci3, 
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£),  Each  tooth  has  a  little  projection  upon  its  convex  edge, 
which  is  connected  by  a  short  strong  ligament  with  the  cor- 
responding projection  of  another  tooth  ;  and  the  one  pair  of 
teeth,  thus  connected,  works  vertically  against  the  opposite 
pair.  In  Nereis,  there  are  two  powerful  teeth  which  work 
horizontally,  besides  minute  accessory  denticles.  In  SylliSj 
the  chitinous  lining  of  the  pharynx  is  produced  into  a  circle 
of  sharp  teeth  anteriorly,  and  there  is,  in  addition,  a  much 
stronger  triangular  median  tooth.  In  Glycera,  which  pos- 
sesses a  pair  of  teeth,  the  extremity  of  the  protruded  pro- 
boscis is  covered  with  very  remarkable  papillse.  The  most 
complex  arrangement  of  teeth,  however,  is  that  presented  by 
the  Eunicidm,  In  Eunice,  there  are  altogether  nine  distinct 
pieces :  two  large,  flat,  more  or  less  calcified  portions  united 
together  below,  and  three  cutting  and  tearing  teeth  on  the 
right  side  working  against  four  on  the  left.  As  has  has  been 
already  stated,  the  tubicolar  Annelids  possess  neither  probos- 
cis nor  teeth. 

No  special  hepatic  gland  appears  to  exist  in  the  Annelida, 
unless  the  intestinal  cseca  perform  that  function,  and  the 
secretion  of  the  bile  is  doubtless  eflPected  by  the  glandular 
tract,  which  extends  for  a  greater  or  less  distance  in  the  walls 
of  the  alimentary  canal.  A  pair  of  glandular  cseca,  the  func- 
tion of  which  is  not  known,  is  appended  to  the  base  of  the 
proboscis  in  Nereis, 

The  general  cavity  of  the  body,  or  perivisceral  cavity, 
which  is  included  between  the  parietes  of  the  alimentary 
canal  and  those  of  the  body,  is  filled  with  a  fluid  which  con- 
tains corpuscles,  which  are  usually,  as  in  the  Invertebrata  in 
general,  colorless.  They  are  red,  however,  in  Glycera,  and 
in  a  species  of  Apneumea  (De  Quatrefages).  The  parapodia, 
the  cirri,  the  branchiae,  and  aU  the  other  important  appendages 
of  the  PolychoBta,  contain  a  cavity  continuous  with  the  peri- 
visceral cavity,  and  are  therefore  equally  filled  with  the  blood. 
The  circulation  of  this  fluid  is  effected  partly  by  the  contrac- 
tion of  the  body  and  its  appendages,  partly  by  the  vibratile 
cilia,  with  which  a  greater  or  less  extent  of  the  walls  of  the 
perivisceral  cavity  is  covered. 

In  a  great  number  of  the  Polychceta  no  part  of  the  body 
is  specially  adapted  to  perform  the  function  of  respiration, 
the  aeration  of  the  blood  probably  taking  place  wherever 
the  integument  is  sufliciently  thin ;  and,  even  when  distinct 
branchiae  ordinarily  exist,  members  of  the  same  family  may 
be  deprived  of  them.     In  Polynde  squamcUa,  ciliated  spots 
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which  appear  to  represent  branchise,  may  be  discovered  on 
the  dorsal  side  of  the  bases  of  the  parapodia,  at  any  rate,  in 
young  specimens.  In  some  species  of  Polynoe  the  parapodia 
give  rise,  at  corresponding  points,  to  large,  richly  ciliated, 
malleiform  tubercles,  in  which  the  caeca  of  the  alimentary 
canal  terminate.  In  Siffalion^  a  filiform,  ciliated  branchia 
depends  from  the  upper  part  of  the  somite,  beneath  the  ely- 
tron ;  and,  besides  this,  curious  little  ciliated  palettes  are 
arranged  upon  the  dorsal  surface  of  the  parapodia,  and  upon 
the  sides  of  the  anterior  somites.  But  the  best-developed 
branchiae  among  these  Annelids  are  possessed  by  the  Amphi- 
nomid(je,  and  the  Eunicidoe  among  the  Errantia ;  the  Tere- 
bellidoB^  and  the  SarpuUdoe  among  the  TuMcola.  In  the 
three  former  families  the  branchiae  are  ciliated  branched 
plumes,  or  tufts,  attached  to  the  dorsal  surface  of  more  or 
fewer  of  the  somites.  In  the  last  (Fig.  54)  they  are  exclu- 
sively attached  to  the  anterior  segment  of  the  body,  and 
present  the  form  of  two  large  plumes,  each  consisting  of  a 
principal  stem,  with  many  lateral  branches.  The  stem  is 
supported  by  a  kind  of  internal  skeleton,  of  cartilaginous 
consistence,  which  sends  off  processes  into  the  lateral  branches* 

I  have  been  unable  to  find  any  pseud-haemal  vessels  in 
Polynoe  squamata^  and,  as  Claparede  *  could  discover  none  in 
the  transparent  P.  luntdata^  it  is  safe  to  assume  their  non- 
existence. Claparede,  in  fact,  denies  them  to  the  whole  of 
the  AphroditidoB, 

When  it  is  present,  the  pseud-haemal  svstem  varies  very 
much  in  the  arrangement  of  its  great  trunks  ;  but  they  com- 
monly consist  of  one  or  two  principal  longitudinal  dorsal  and 
ventral  vessels,  which  are  connected  in  each  somite  by  trans- 
verse branches.  Where  branchiae  exist,  loops  or  processes  of 
one  or  other  of  the  great  trunks  enter  them.  The  dorsal  and 
the  ventral  trunks  are  usually  rhythmically  contractile,  and 
contractile  dUatations  at  the  bases  of  the  branchiae  {Eunice), 
m  portions  of  the  lateral  trunks  {Arenicola),  or  in  those 
which  supply  the  proboscis  {Eunice,  Nereis),  have  received 
the  name  of  "  hearts."  The  direction  of  the  contractions  is 
usually  such  that  the  blood  is  propelled  from  behind  forward 
in  the  dorsal  vessel,  and  in  the  opposite  direction  in  the  ven- 
tral vessel ;  but  the  course  which  it  pursues  in  the  lateral 
trunks  is  probably  very  irregular.  In  Chlormma,  in  which 
even  the  smallest  ramifications  of  the  vessels  are  contractile,  I 

»  "Anndlides  CWtopodes  du  Golfe  de  Naples,*'  1868,  p.  66. 
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have  observed  csecal  branches  depending  into  the  perivisceral 
cavity  in  which  the  contained  fluid  underwent  merely  an  alter- 
nate flux  and  reflux,  Ramifled  caeca  of  a  similar  kind  appear 
to  exist  in  the  oligochsetous  genera,  Euaxes  and  I/umbriculus, 
The  principal  trunks  give  off  a  great  number  of  branches, 
which  ramify  very  minutely  in  some  Annelids  {Eunice)  and 
may  give  rise  to  retia  mirabilia  (Nereis)  ;  but  in  many  (e.  g., 
Protula)  there  are  hardly  any  branches  and  no  minute  capil- 
lary ramifications. 

In  many  Polychmta  no  segmental  organs  have  yet  been 
discovered,  and  in  others  they  appear  to  be  represented  by 
mere  openings  in  the  parietes  of  the  body.  I  have  observed 
short  ciliated  canals  opening  externally  upon  the  ventral  sur- 
face at  the  bases  of  the  parapodia  in  Phyllodoce  viridis,  and 
there  are  indications  of  the  existence  of  similar  organs  in 
SyUis  vittata.  True  segmental  organs  have,  however,  been 
found  by  Ehlers  and  Claparede  in  many  Polychoeta,  In  some 
cases  their  walls  are  thick  and  glandular,  and  they  probably 
have  a  renal  function.  In  addition,  they  frequently  play  the 
part  of  oviducts  and  spermiducts.  Whether  the  ciliated  canal 
extending  along  the  ventral  surface  of  the  intestine,  which  I 
have  described  in  Protula^  is  a  structure  of  the  same  order  or 
not,  I  am  not  prepared  to  say. 

The  nervous  system  of  the  Polychmta  usually  consists  of 
a  chain  of  ganglia — one  pair  for  each  somite — connected 
together  by  longitudinal  and  transverse  commissural  bands, 
which  diverge  between  the  cerebral  ganglia  and  the  succeed- 
ing pair,  to  allow  of  the  passage  of  the  oesophagus.  The  most 
important  differences  presented  by  the  nervous  systems  of  the 
Polychceta  result  from  the  varying  length  of  the  transverse 
commissures.  In  Vermilia^  Serpula,  SaheUa^  these  commis- 
sures are  very  long,  so  that  two  distinct  and  distant  series  of 
ganglia  appear  to  run  through  the  body,  while,  in  Nepthys^ 
the  two  series  of  ganglia  are  fused  into  a  single  cord  enlarged 
at  intervals.  Every  transitional  condition  between  these  is 
observable  in  Terehdla^  Aonia^  Glycera^  Phyllodoce^  and 
Aphrodite,  In  most  Polychceta  a  very  extensive  series  of 
visceral  nerves  supplies  the  alimentary  canal. 

The  recognizable  organs  of  sense  in  the  Annelida  are  eyes 
and  auditory  vesicles.  The  former  are  usually  very  simple, 
consisting  of  an  expansion  of  the  extremity  of  the  optic  nerve, 
imbedded  in  pigment,  and  provided  occasionally,  but  not  in- 
in variably,  with  transparent  spheroids  or  cones.  Alciope  and 
Torrea  have  very  well-developed  and  large  eyes.     The  eyes 
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are  usually  confined  to  the  anterior  extremitj  of  the  body,  and 
to  the  praestomium  where  it  exists ;  but,  in  the  remarkable 
genus  PolyophthalmuB^  De  Quatrefages  discovered,  besides 


—c 


Fig.  55.— J.,  anterior  end  of  the  nervons  svstem  of  PoiynOe  aquamata  (after  Dc  Qua- 
trefages) :  a,  cerebral  (ganglia ;  b^  oesophageal  commieBaree ;  c,  longitadioal  com- 
misBures  of  the  ventral  ganglia. 

S,  anterior  end  of  the  neryons  sy etem  of  Sadella  fiabeUata  (after  De  Qoatrefagee) :  a, 
cerebral  ganglia ;  by  oesophageal  commissures  ;  c,  longitudinal  commissures  of  the 
ventral  gangEa.  Those  of  opposite  sides  are  united  by  long  transverse  commis* 
Bures. 

the  ordinary  cephalic  eyes,  a  double  series  of  additional  visual 
organs,  one  pair  being  allotted  to  each  somite.  In  Srafi' 
chiomma^  eyes  are  situated  at  the  ends  of  the  branchial 
plumes.  Ehrenberg  has  described  two  caudal  eyes  in  Amphi- 
cora,  and  De  Quatrefages  has  shown  that  similarly  placed 
eyes  exist  in  three  other  species  of  JPolychceta,  two  of  which 
are  closely  allied  to  Amphicora^  while  the  other  is  an  errant 
form,  related  to  Zumbrinereis.  These  curious  worms  are  said 
to  swim  about  with  the  caudal  extremity  forward. 

Auditory  sacs,  containing  many  otoliths,  have  been  ob- 
served upon  each  side  of  the  oesophageal  ring  in  Arenicola^ 
and  similar  organs  have  been  noticed  in  other  Tuhicola  ;  but 
hitherto  their  existence  has  not  been  certainly  determined  in 

the  Errantia. 

The  genitalia  of  the  polychaetous  Annelida  are  excessively 
simple  in  their  structure ;  indeed,  special  reproductive  organs 
can  hardly  be  said  to  exist  in  most,  the  generative  products 
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bein^  merely  developed  from  some  part  of  the  walls  of  the 
perivisceral  cavity,  in  which  they  eventually  freely  float,  mak- 
ing their  way  out  in  a  manner  which  is  not  quite  understood 
at  present ;  probably,  however,  through  temporary  or  perma- 
nent apertures  at  the  bases  of  the  parapodia.  In  many,  the 
segmental  organs  appear  to  serve  as  excretory  ducts.  As  a 
rule,  the  poly chsB tons  Annelids  are  dioecious ;  but  some  (e.  g., 
Protulay  Fig.  54)  are  hermaphrodite.  The  ova  undergo  their 
development  within  the  body  of  the  parent  in  some  species 
of  Eunice  /  in  pouches  attached  to  the  body  in  JSxogone  /  in 
masses  of  gelatinous  matter  which  adhere  to  the  tubes  of  the 
vermidom  in  Protvla ;  beneath  the  elytra  in  Polynoe  cir- 
rata  /  in  the  cavity  of  the  opercular  tentacle  in  some  Spir- 
orbes  ;  while,  in  other  cases,  they  appear  to  become,  almost 
immediately,  free  ciliated  embryos. 

The  vitellus  undergoes  division,  and  is  converted,  as  in 
the  case  of  the  Oligochoeta  and  Hirudinea^  into  blastomeres 
of  two  kinds.  This  contrast  between  the  two  components  of 
the  embryo  commences  with  the  division  of  the  vitellus  into 
two,  inasmuch  as  the  first  fissure  is  usually  so  directed  as  to 
divide  the  yelk  into  unequal  portions.  Both  subdivide,  but 
the  smaller  much  faster  than  the  larger  ;  so  that  the  former 
becomes  converted  into  very  small  blastomeres,  which  grad- 
ually envelop  the  larger  blastomeres  resulting  from  the  sub- 
division of  the  latter.  The  larger  included  blastomeres  are 
destined  to  form  the  alimentary  tract ;  the  smaller  peripheral 
ones,  on  the  other  hand,  give  rise  to  the  ectoderm,  and  to  the 
nervous  ganglia.*  As  in  the  OligochoBta  and  Sirudinea^ 
again,  the  mesoblast  forms  a  thick  band  on  each  side  of  the 
median  ventral  line,  and  its  transverse  division  originates  the 
segmentation  of  the  body.  But,  generally,  the  development 
of  the  protoaomiteSy  as  these  segments  might  be  called,  does 
not  occur  until  some  time  after  the  embryo  has  been  hatched. 
The  somites  increase  in  number  by  the  addition  of  new  ones 
between  the  last  and  the  penultimate  somite. 

The  embryos  of  the  Polychosta  differ  from  those  of  the  OH- 
gochcBta  and  J3trudinea  in  being  ciliated.  In  some  cases,  the 
cilia  form  a  broad  zone  which  encircles  the  body,  leaving  at 
each  end  an  area,  which  is  either  devoid  of  cilia,  or,  as  is  fre- 
quently the  case,  has  a  tuft  of  long  cilia  at  the  cephalic  end. 
Such  larvae  are  termed  Atrocha, 

In  other  embryos  the  cilia  are  arranged  in  one  or  more 

>  Clapar^de  and  metscbnikoffi,  ^^  Beitrage  zur  Kenntniss  der  Entwiokelungs- 
gesohlohte  der  Chaetopoden,"  1868. 
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narrow  bands,  which  surround  the  body.  A  very  common 
arrangement  is  one  in  which  a  band  of  cilia  encircles  the  body 
immediately  in  front  of  the  mouth,  the  region  in  front  of  the 
band  bearing  eyes,  and  becoming  the  praestomium  of  the  adult 
(e.  g.,  Polynoe).  In  such  embryos,  there  is  very  commonly  a 
second  band  of  cilia  around  the  anal  end  of  the  embryo,  and 
a  tuft  of  cilia  is  attached  to  the  centre  of  the  praestomium. 
These  larvae  are  called  Telotrocha.  In  other  cases,  one  or 
many  bands  of  cilia  surround  the  middle  of  the  body,  between 
the  mouth  and  the  hinder  extremity.     These  are  Mesotrocha» 

In  the  telotrochous  larva  of  Phyllodoce^  a  shield-shaped, 
mantle-like  elevation  of  the  integument  covers  the  dorsal 
region  of  the  body  behind  the  prae-oral  ciliated  ring.  In  the 
larvae  of  the  Serpulidce  a  process  of  the  integument  grows 
out  behind  the  mouth,  and  surrounds  the  anterior  part  of  the 
body  of  the  larva  like  a  turned-back  collar.  It  persists,  as  a 
kind  of  hood,  in  the  adult. 

Some  larvae  are  provided  with  setae  of  a  different  charac- 
ter from  those  which  are  possessed  by  the  adult,  and  which 
are  cast  off  as  development  advances. 

Many  Polychmta  multiply  by  a  process  of  zo6id  develop- 
ment, which,  in  some  cases,  appears  to  be  a  combination  of 
fission  with  gemmation ;  in  others,  to  approach  very  nearly 
to  pure  fission  or  pure  gemmation.  The  result  is,  not  infre- 
quently, the  formation  of  long  chains  of  connected  zoOids. 

The  method  of  multiplication  which  De  Quatrefages  ob- 
served in  Syllis  prolifera^  is  nearly  simple  fission,  the  animal 
dividing  near  its  middle,  and  the  posterior  division  acquiring 
a  new  head. 

In  Myrianida^  Milne-Edwards  has  described  the  occur- 
rence of  a  sort  of  continuous  budding  between  the  ultimate 
and  penultimate  segments,  in  which  region  new  segments  are 
formed  until  the  zooid  has  attained  its  full  length, 

Frey  and  Leuckart  and  Krohn  have  shown  that  Autolytus 
proUfer  multiplies  in  a  somewhat  similar  manner;  but,  in- 
stead of  each  new  zoOid  being  formed  at  the  expense  of  an 
entire  somite,  it  is  developed  from  only  a  portion  of  one. 
Finally,  I  found  in  Protula  Dysteri  that,  when  the  Protula 
had  attained  a  certain  length,  all  the  somites  behind  the  six- 
teenth became  eventually  separated  as  a  new  zooid  ;  but  the 
development  of  the  latter  is  not  mere  fission,  inasmuch  as  one 
of  the  earliest  steps  in  the  process  is  the  enlargement  of  the 
seventeenth  somite,  and  its  conversion  into  the  head  and 
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thorax  of  the  bud  (Fig.  64,  B).  Sars  has  described  a  similar 
mode  of  multiplication  in  his  J^zlograna  implexa^  a  very  close- 
ly allied  form. 

In  Splits  and  in  Protula^  the  producing  and  the  produced 
zoOids  alike  develop  generative  products,  but,  in  Autolytus^ 
Krohn  has  shown  that  the  primary  producing  zooid  remains 
sexless,  the  secondary  produced  zooids  having  a  somewhat 
different  form,  and  alone  giving  rise  to  ova  and  spermatozoa. 

In  some  species  of  the  genus  NereiHy  the  worm,  after  the 
development  of  its  genital  organs  has  taken  place,  takes  on 
the  characters  of  what  was  formerly  considered  a  distinct 
genus,  Heteronereis  /  and  the  males  and  the  females  of  the 
same  species  of  Nereis  have  even  been  regarded  as  different 
species  of  JBeteronereis,^ 

The  series  of  forms  represented  by  the  Turhellaria^  the 
£tirudinea,  the  Oligochoeta^  and  the  Polychaeta^  illustrates 
the  manner  in  which  a  type  of  organization,  which,  in  its 
simplest  condition,  exhibits  but  little  advance  upon  a  mere 
Gastrula,  passes  into  one  in  which  the  body  is  divided  into 
many  segments,  each  provided  with  a  pair  of  appendages  or 
rudimentary  limbs. 

The  segmentation,  or  serial  repetition  of  homologous 
somites,  extends  to  the  nervous  system,  and,  more  or  less,  to 
the  vascular  and  reproductive  organs,  in  the  higher  forms  of 
these  "  Annulose  "  animals ;  from  which  a  further  extension 
of  the  same  process  of  segmentation,  with  a  fuller  develop- 
ment of  the  appendages  and  a  more  complete  appropriation 
of  some  of  them  to  manducatory  purposes,  leads  us  to  the 
Arthropoda, 

The  Gephyrea. — These  are  marine  vermiform  animals 
without  distinct  external  segmentation  or  parapodial  append- 
ages. The  ectoderm  has  a  chitinous  cuticle,  and  is  often 
provided  with  tubercles,  hooks,  or  setae,  of  chitin  {^chiurus, 
Sternaspis),  .  No  calcareous  skeleton  is  found  in  any  of  the 
Gephyrea.  The  integument  frequently  contains  numerous 
simple  glands,  the  apertures  of  which  perforate  the  cuticle. 
In  one  genus  {Sternaspis)^  two  shield-shaped  plates,  fringed 
with  setae,  axe  developed  upon  the  hinder  part  of  the  ventral 
surface  of  the  body.  There  are  external  circular  and  internal 
longitudinal  muscular  fibres  beneath  the  ectoderm.     An  inner 

»  Ehlers,  "  Die  Gattung  Heteron^reU:'    ("  G^ttingen  Naobrichten,"  1867.) 
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layer  of  circularly  disposed  muscular  fibres  may  be  added. 
The  oral  end  of  the  body  may  have  the  form  of  a  retractile 
proboscis  {Priapultis)^  or  be  provided  with  tentacular  append- 
ages. These  may  be  arranged  in  a  circle  round  the  mouth, 
and  short  {SipunciduSy  Fig.  56,  I.,  T'),  or  long  {Phoroni8\  or 
there  may  be  a  single  long,  sometimes  bifurcated  and  ciliated, 
tentacular  appendage  {JBonellia).  Filamentous  appendages, 
which  are  probably  branchiae,  are  given  off  at  the  hinder  end 
of  the  body  in  Stemaspis  and  Priapulus,  The  endoderm  is 
usually  ciliated  throughout.  The  intestine  is  straight  in  most 
genera,  but  is  coiled  and  bent  upon  itself,  so  as  to  terminate 
in  the  middle  of  the  body,  in  Sipunculus  (Fig.  56,  I.).  In 
Phoronis  the  anus  is  close  to  the  mouth.  The  anal  aperture 
is  always  situated  upon  the  dorsal  aspect  of  the  body.  There 
is  a  spacious  perivisceral  cavity,  undivided  by  mesenteries, 
which  in  some  cases  {Priapulus^  Sipuncultis)  opens  externally 
by  a  terminal  pore.  In  ikhiurus,  SoneUia^  Thalassema^  a 
pair  of  tubular,  sometimes  branched  organs,  which  are  ciliated 
internally,  and  communicate  by  ciliated  apertures  with  the 
perivisceral  cavity,  open  into  the  rectum.  These  appear  to 
represent  the  water-vessels  of  the  Rotifera  and  the  respira- 
torv  tubes  of  the  Solothurice. 

A  pseud-hsBmal  system  exists  in  most  (SipunculuSj  Stemas- 
pis, ^onellia,  JEchiurus^  and  Phoronis)^  and,  when  fully  devel- 
oped, consists  of  two  longitudinal  trunks — one  dorsal,  or  su- 
pra-intestinal, the  other  ventral,  with  their  terminal  and  lateral 
communications.  The  pseud-hsemal  fluid  is  colorless,  or  may 
have  a  pale  reddish  tinge,  in  most.  In  Phoronu  it  is  said  to 
contain  red  corpuscles.  In  Sipunculus^  the  cavities  of  the 
tentacles  communicate  with  a  circular  vessel  provided  with 
csecal  appendages  ;  and  this  circular  vessel  is  said  to  open 
into  the  pseud-haemal  vessels. 

The  nervous  system  presents  a  collar,  which  surrounds  the 
oesophagus,  and  from  which  a  simple  or  ganglionated  cord 
proceeds  backward  in  the  ventral  median  line,  giving  off  lat- 
eral branches.  The  ventral  cord  contains  a  central  canal,  and 
the  collar  usually  presents  a  cerebral  ganglionic  enlargement. 
Rudimentary  eyes  are  sometimes  connected  with  the  cerebral 
ganglion. 

The  sexes  are  distinct,  and  the  reproductive  elements  are 
developed  either  from  the  parietes  of  the  perivisceral  cavity 
or  in  simple  csecal  glands.  In  Sipunculus^  the  ova  and  sper- 
matozoa float  freely  in  the  perivisceral  cavity. 

The  actively  locomotive  embryo  of  Sipunculus  (Fig.  56,  II.) 
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is  surrounded  by  a  circulai-  band  of  cilia  placed  immediatelj 
behind  the  mouth  {  W,  W),  and  teaemblesa  Rotifer  or  a  meso- 
trochal  Annelidan  larva.     As  development  advances  it  loses 


.—Sipiineiilw  nudiu  tutttr  Rereri<MJnan(]  Ehlere). 
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this  apparatus,  and  passes  gradually  into  the  adult  form.  In 
P/iorotiia,  the  embryo  is  also  meaotrochal,  but  it  has  two 
ciliated  bands,  one  circular,  round  the  anus,  and  the  other  im- 
mediately behind  the  mouth.  The  post-oral  band  of  cilia  is 
produced  into  numerous  tentaculiform  lobes,  and  fringes  the 
free  edge  of  a  broad  concave  lobe  of  the  dorsal  side  of  the 
body,  which  arches  over  the  mouth.     In  this  state  the  embryo 

<  "Zoolo^clie  Beitrage,"  ISei. 
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is  the  so-called  Actinotrocha.^  An  invagination  of  the  ven- 
tral integument  of  the  larva  connects  itself  with  the  middle 
of  the  intestine,  and  then,  becoming  evaginated,  pulls  the  in- 
testine, in  the  form  of  a  loop,  into  the  ventral  process  thus 
formed,  which  gives  rise  to  the  body  of  the  PhoroniSy  while 
the  tentacles  of  the  larva  grow  into  those  of  the  adult. 
Schneider  has  suggested  that  the  bell-shaped  larva,  with  long 
setse,  termed  Mitraria  by  Mailer,  is  the  embryo  of  Sternaspis. 
The  affinities  of  the  Oephyrea  with  the  TurheUaria^  with 
the  Annelida^  and  with  the  JRotifera^  are  unmistakable.  In 
fact,  it  may  be  doubted  whether  Stemaspia  should  not  be 
associated  with  the  PolychcBtay  and  £o9idlia  is  in  many  re- 
spects comparable  to  a  colossal  Rotifer.  Their  usually  as- 
sumed connection  with  the  Mchinodermata  is  more  question- 
able. Tlie  circular  canal  which  communicates  with  the  cavi- 
ties of  the  tentacles  in  Sipunculus  has  been  compared  to  the 
ambulacral  system  of  the  Echinoderms,  but  the  manner  of 
its  development  is  not  yet  sufficiently  understood  to  justify 
the  expression  of  an  opinion  on  this  subject.  Krohn  has  de- 
scribed a  bilobed  organ  on  the  ventral  face  of  the  gullet  of  the 
larva  of  Sipunculus,  which  opens  externally  in  front  of  the 
ciliated 'band  by  a  narrow  ciliated  duct  *  (Fig.  56,  II.,  S).  It 
has  a  striking  similarity  to  the  "  water-vessel "  of  the  larva 
of  £alanoglo88U8y  which,  however,  lies  on  the  opposite  side 
of  the  body. 

»  "  Schneider,  *'  Ueber  die  Metamorphose  der  AcUnatrocha  hranchiata,^* 
("ArchivftirAnatoinie,"  1862.)  { 

«  "  Ueber  die  Larve  des  Sipunculus  mtdus."    ("  Archiv  fUr  Anatomie," 
1851.)  I 


CHAPTER  VI. 

rHB    ABTHBOPODA. 

Thb  segmentation  of  the  body,  that  is,  its  division  into 
a  series  of  somites,  each  provided  with  a  pair  of  lateral  ap- 
pendages, which  is  so  characteristic  a  feature  of  the  higher 
Annelids,  is  exhibited  in  a  still  more  marked  degree  by  the 
Arthropoda.  In  these  animals,  moreover,  the  appendages, 
themselves  are  usually  divided  into  segments,  while  one  or 
more  pairs  of  the  appendages  in  the  neighborhood  of  the 
mouth  are  modified  in  form  and  position  to  subserve  man- 
ducation.  Segmental  organs,  at  least  in  their  Annelidan 
form,  are  wanting  in  the  Arthropoday  and  neither  in  the  em- 
bryonic nor  the  adult  condition  do  they  ever  possess  cilia. 

The  process  of  yelk-division  may  be  complete  or  incom- 
plete, but  no  known  Arthropod  ovum  gives  rise  to  a  vesicular 
morula,  nor  is  the  alimentary  cavitv  ordinarily  formed  by  in- 
vagination/ The  precise  mode  of  origin  of  the  mesoolast 
has  yet  to  be  worked  out,  but  the  perivisceral  cavity  appears 
always  to  be  developed  by  its  splitting.  In  other  words,  it  is 
a  achizocoele. 

As  with  Annelids,  the  segmentation  of  the  body  results 
from  the  subdivision  of  the  mesoblast  by  transverse  constric- 
tions into  protosomites  ;  and  there  is  every  reason  to  believe 
that  the  ganglionated  nervous  chain  arises  from  an  involution 
of  the  epiblast. 

The  neural  face  of  the  embryo  is  fashioned  first,  and  its 
anterior  end  terminates  in  two  rounded  expansions^ — the  pro- 
cephalic  lobes — which  are  converted  into  the  sides  and  front 
of  the  head.     The  appendages  are  developed  as  paired  out- 

*  The  recent  observations  of  Bobretzky  on  the  development  of  Oniscus  and 
Adaeus  THofmann  and  Schwalbe,  "  Jahresberichte,"  Ba.  ii.,  1875),  however, 
tend  to  snow  that  the  hypoblast  arises  by  a  sort  of  modified  invagination  of 
the  primitive  blastoderm.  And  in  other  AHhropoda  there  are  indioations  of  a 
nmilar  process. 


2:^0         THE  ANATOMT  OF  INVERTEBRATED  AKIMALS. 

growths  from  the  neural  aspect  of  each  somite,  and,  whatever 
their  ultimate  form,  they  are,  at  first,  simple  bud-like  pro- 
cesses. Very  generally,  a  broad  median  prolongation  of  the 
sternum  of  the  somite  which  lies  in  front  of  the  mouth  gives 
rise  to  a  lahrum  /  while  a  corresponding,  but  often  bifid  me- 
dian elevation,  behind  the  mouth,  becomes  a  metastofna. 

In  many  Arthropods,  the  haemal  or  tergal  face  of  the  body 
grows  out  into  lateral  processes,  which  may  either  be  fixed, 
or  more  or  less  movable.  The  lateral  prolongations  of  the 
carapace  in  the  Cruatdcea  and  the  wings  of  Jnsecta  are 
structures  of  this  order. 

In  a  number  of  Insects  belonging  to  different  orders  of 
the  class,  an  amnionic  investment  is  developed  from  the 
extra-neural  part  of  the  blastoderm  by  a  method  similar  to 
that  which  gives  rise  to  the  amnion  in  the  higher  Vertebrata. 

In  all  the  higher  Arthropods,  a  certain  number  of  the 
somites  which  constitute  the  anterior  end  of  the  body  coa- 
lesce and  form  a  head^  distinct  from  the  rest  of  the  body ; 
and  the  appendages  belonging  to  these  confluent  somites  un- 
dergo remarkable  modifications,  whereby  they  are  converted 
into  organs  of  the  higher  senses  and  into  jaws.  In  many 
cases,  the  somites  of  the  middle  and  posterior  parts  of  the 
body  become  similarly  differentiated  into  groups  of  poly- 
somitic  segments,  which  then  receive  the  name  of  thorax  and 
abdomen.  The  somites  entering  into  each  of  these  groups 
may  remain  distinct  or  may  coalesce.  The  tergal  expansions 
of  the  somites  of  the  head,  or  of  both  head  and  thorax,  may 
take  the  shape  of  a  broad  shield,  or  carapace.  This  may  con- 
stitute a  continuous  whole  (e.  g.,  Apus,  Astacus)  ;  or  its  two 
halves  may  be  movablv  connected  by  a  median  hinge,  like  a 
bivalve  shell  ( Cypria^  Limnadia)  ;  or,  finally,  the  tergal  pro- 
cesses of  each  side  may  remain  distinct  from  one  another  and 
freely  movable  on  their  respective  somites  (wings  of  In- 
sects). 

Limbs,  or  appendages  capable  of  effecting  locomotion,  are 
always  attached  either  to  the  head  or  to  the  thorax,*  or  to 
both.  They  may  be  present  or  absent  in  the  abdominal  re- 
gion. In  adult  Arachnida  and  Insecta^  there  are  no  abdomi- 
nal limbs,  unless  the  accessory  organs  of  generation,  the  stings 
of  some  insects,  and  the  peculiar  appendages  of  the  abdomen 
in  the.  Thysanura  and  Collemhola^  be  such. 

The  alimentary  apparatus  presents  very  wide  diversities 

>  The  extinct  IHlobiies  possibly  form  an  exception  to  this  rule. 
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in  form  and  structure,  and  in  the  number  and  nature  of  its 
glands.  The  anus,  which  is  very  rarely  absent,  is  situated  in 
the  hindermost  somite. 

In  like  manner,  the  blood-vascular  system  varies  from  a 
mere  perivisceral  cavity  without  any  heart  ( Ostracoda,  Cirri- 
pedia)  up  to  a  complete,  usually  many-chambered  heart  with 
well-developed  arterial  vessels.  The  venous  channels,  how- 
ever, always  have  the  nature  of  more  or  less  definite  lacunaB. 
The  blood-corpuscles  are  colorless,  nucleated  ceUs. 

Special  respiratory  organs  may  be  absent,  or  they  may 
take  one  of  the  following  forms : 

1.  Branchice.  Externally  projecting  processes  of  the 
body  or  limbs,  supplied  with  venous  blood,  which  is  thus 
brought  into  contact  with  the  air  dissolved  in  water. 

2.  Trachece,  Tubes  which  traverse  the  body  and  gen? 
erally  open  upon  its  exterior  by  apertures  termed  stigmata^ 
and  thus  bring  air  into  contact  with  the  blood  and  the  tissues 
generally.  Saccular  reservoirs  of  air  are  often  formed  by 
dilatations  of  these  tubes. 

The  so-called  Tracheo-hranchice  of  some  aquatic  Insect 
larvse  are  usually  laterally  projecting  processes  of  more  or 
fewer  of  the  thoracic  or  abdominal  somites,  containing  abun- 
dant trachece,  which  communicate  with  those  which  traverse 
the  body  {Ephemeridce^  Perlaridoe).  They  are  in  no  sense 
branchiae,  but  simply  take  the  place  of  stigmata.  The  ex- 
change of  constituents  between  the  air  contained  in  the 
tracheae  of  these  animals  and  that  of  the  surrounding  medium 
is  effected  indirectly,  by  diffusion  through  the  walls  of  the 
tracheo-branchiae,  instead  of  directly,  through  the  stigmata, 
as  in  other  cases. 

In  the  aquatic  larvae  of  many  Dragon-flies  (LibelluUdai)^ 
the  function  of  the  tracheo-branchiae  is  performed  by  folds  of 
the  lining  membrane  of  the  rectum,  which  contain  abundant 
tracheae.  Water  is  drawn  into,  and  expelled  from,  the  cavity 
of  the  rectum  by  rhythmical  contractions  of  its  walls,  so  as 
to  secure  the  exchange  of  gaseous  constituents  between  the 
air  which  it  contains  and  that  which  fills  the  tracheae. 

3.  Pulmonary  sacs.  These  are  met  with  only  in  some 
Arachnida.  They  are  involutions  of  the  integument,  the 
walls  of  which  are  folded  in  such  a  manner  as  to  expose  a 
large  surface  to  the  air,  which  is  alternately  taken  into,  and 
expelled  from,  their  apertures.  The  blood  is  brought  to  these 
sacs  by  venous  channels. 

The  exact  mode  by  which  the  separation  of  the  nitro- 
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genous  products  of  the  waste  of  the  tissues  from  the  blood 
is  effected  in  Arthropods  requires  further  elucidation.  In 
many,  however,  such  products,  notably  uric  acid,  have  been 
found  to  abound  in  the  corpus  adiposum — a  cellular  mass 
which  lies  in  the  walls  of,  and  more  or  less  fills,  the  peri- 
visceral cavity — and  in  the  Malpighian  glands.  In  the  latter 
case,  they  are  conveyed  out  of  the  body  by  the  intestine. 

The  nervous  system  consists  primitively  of  a  pair  of  gan- 
glia for  each  somite,  but  the  number  of  ganglia  discoverable 
in  the  adult  depends  on  the  extent  to  which  these  primitive 
ganglia  coalesce.  There  is  usually,  if  not  always,  a  well- 
developed  system  of  ganglionated  visceral  nerves,  connected 
with  the  cerebral  ganglia  and  distributed  to  the  gullet  and 
stomach. 

Eyes  are  usually  present;  and,  when  they  exist,  they  are 
almost  always  situated  in  the  head  and  are  connected  with 
the  cerebral  ganglia.  Among  the  CrtistaceOy  however,  JEu- 
phausia  has  eyes  in  some  of  the  thoracic  limbs,  and  in  some 
abdominal  somites.  The  eyes  may  be  simple  or  compound. 
In  the  latter  case  there  are,  in  correspondence  with  the  num- 
ber of  parts  into  which  the  transparent  corneal  continuation 
of  the  chitinous  cuticula  over  the  eye  is  divided,  a  number 
of  elongated  bodies  which  lie  between  the  outer  surface  of 
the  ganglionic  expansion  of  the  optic  nerve  and  the  inner 
face  of  the  cornea.  These  bodies  consist  of  two  parts:  an 
external  transparent  cryataUine  cone  and  an  internal  priB- 
matic  rod.  The  broad  end  of  the  cone  is  external,  and  is  ap- 
plied to  the  inner  surface  of  the  corneal  facet;  its  narrow 
end  is  continuous  with  the  outer  extremitj'  of  the  prismatic 
rod,  which,  by  its  inner  end,  is  connected  with  the  ultimate 
ramifications  of  the  optic  nerve.  Each  of  these  crystalline 
cones  and  prismatic  rods  is  separated  from  the  rest  by  a  pig- 
mented sheath.^ 

Distinct  auditory  organs  have  been  observed  in  Crus- 
taceans and  Insects.  They  are  not  exclusively  confined  to 
the  head.  In  the  opossum  shrimp  {My sis) y  for  example,  they 
are  placed  in  the  appendages  of  the  last  somite  of  the  ab- 
domen. And,  in  Insects,  the  only  organs  to  which  the  audi- 
tory function  can  be  certainly  assigned  are  situated  in  the 
thorax  or  in  the  legs. 

»  Leydig,  "  Das  Au^e  der  Gliederthiere,**  1864.  Sohulze,  "  Untersuch- 
ungen,"  1868.  Mr.  E.  T.  Newton  has  given  a  very  good  account  of  the  struct- 
ure of  the  eye  of  the  lobster,  accompanied  by  full  rei'erences  to  the  literature 
of  the  subject,  in  the  Quarterly  Journal  of  mcro$copical  Seienee  for  1875. 
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There  is  some  reason  to  think  that  the  antennae  of  Insects 
are  the  seat  of  the  olfactory  function,  but  no  certain  infor- 
mation of  this  head  has  been  obtained.  The  very  fine  setse 
to  the  bases  of  which  nerves  can  be  traced,  which  abound  on 
the  antennary  organs  of  Insecta  and  Crustacea^  but  are  found 
in  other  regions  of  the  bodj',  are  probably  partly  tactile  and 
partly  auditory  organs. 

As  a  general  rule,  all  the  muscles  of  the  Arthropoda^  even 
those  of  the  alimentary  canal,  are  striated.  Those  of  the 
body  and  limbs  are  often  attached  by  chitinized  tendons  to 
the  parts  which  they  have  to  move.  As  the  hard  skeleton  is 
hollow  and  the  muscles  are  inside  it,  it  follows  that  the  body, 
or  a  limb,  is  bent  toward  that  side  of  its  axis  which  is  oppo- 
site to  that  on  which  a  contracting  muscle  is  situated. 

Sounds  are  produced  by  many  Insects ;  but  in  most  cases 
they  cannot  be  properly  referred  to  a  voice,  in  the  sense  in 
which  that  term  is  applied  to  the  sounds  produced  in  the 
higher  animals,  by  the  vibrations  of  the  atmosphere  arising 
from  the  impact  of  a  current  of  air  upon  the  free  edges  of 
membranes  bounding  the  aperture  of  exit  of  the  current. 
The  chirping  and  humming  of  Insects  often  arise  from  the 
friction  of  their  bard  parts  against  one  another,  or  from  the 
rapid  vibration  of  their  wings  :  in  some  instances,  however, 
recent  investigations  render  it  probable  that  they  are  pro- 
duced by  the  action  of  expiratory  currents  on  tense  mem- 
branes which  bound  the  stigmata. 

Agamogenesis  is  very  common  among  some  groups  bf  the 
Arthropoda^  such  as  the  Crustacea  and  the  Insecta^  but  has 
not  yet  been  observed  in  the  Myriapoda  or  the  Arachnida. 
It  may  be  effected  in  one  of  two  ways : 

1.  Either  individuals  which  are,  by  their  structure,  inca- 
pable of  being  impregnated  and  are  therefore  physiologically 
sexless,  though  it  may  happen  that  they  more  or  less  approxi- 
mate females  morphologically,  give  rise  to  offspring  ( Cecido- 
myia  larvae,  Aphis) ; 

2.  Or  individuals  which  are  capable  of  being  impregnated, 
and  are  thus  both  morphologically  and  physiologically  true 
females,  give  rise  to  eggs  which  develop  without  impreg- 
nation. (The  queen-bee,  so  far  as  the  production  of  drones  is 
concerned  ;  many  IJepidoptera), 

The  oases  of  Apus,  Daphnia^  and  Cypris^  would  belong 
to  the  latter  category,  if  it  were  certain  that  the  very  same 
females  which,  for  a  certain  period,  produce  young  agamo- 
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genetically,  at  another  time  undergo  fecundation.  Multipli- 
cation by  fission  or  external  gemmation  is  not  known  to  take 
place  in  any  Arthropod.  Hermaphrodisin  occurs  as  a  rule  in 
some  few  Arthropods  (e.  g.,  the  Cirripedia  and  Tardigradd)^ 
and  as  an  abnormal  "sport"  in  sundry  Crustacea  and  in 
many  Insecta. 

In  absolute  number  of  species^  the  Arthropoda  far  ex- 
ceed all  the  rest  of  the  animal  kingdom  put  together.  Thus 
Gerstaecker/  while  allowing  50,000  species  for  the  latter, 
estimates  the  number  of  species  of  Arthropoda  as  rather 
above  than  below  200,000 ;  by  far  the  larger  proportion  of 
these,  probably  more  than  150,000,  being  Insects. 

The  Arthropoda  are  commonly  divided  into  the  CruataceOj 
the  Arachnida^  the  Myriapoda^  and  the  Insecta  ;  and  though 
it  is  impracticable  to  give  a  definition  which  shall  absolutely 
separate  the  first  two  groups,  it  is  perhaps  not  worth  while 
to  disturb  an  arrangement  which  has  much  practical  con- 
venience. But,  for  purely  morphological  purposes,  it  may  be 
instructive  to  regard  them  from  another  point  of  view. 

The  Arthropoda  may,  in  fact,  be  divided  into  two  series. 
One  of  these  consists  almost  wholly  of  air-breathing  forms, 
which,  if  they  possess  special  respiratory  organs,  have  either 
pulmonary  sacs  or  tracheae,  or  both  combined  ;  while  the 
other  includes  a  corresponding  predominance  of  water-breath- 
ing animals,  which,  if  they  possess  respiratory  organs,  have 
branchiae.  The  latter  series  contains  the  Crustacea;  the 
former  comprises  the  Arachnida^  Myriapoda^  and  Insecta. 

In  the  course  of  the  development  of  the  higher  Arthro- 
poda^ there  is  a  stage  in  which  the  body  begins  to  be  seg- 
mented, but  the  appendages  are  not  developed.  Tliis  is 
followed  by  a  stage  in  which  appendages  make  their  appear- 
ance, but  the  antennary  and  manducatory  appendages  {gna" 
thites)  are  like  the  other  limbs:  and,  finally,  there  is  a  stage 
in  which  the  gnathites  are  completely  converted  into  jaws. 
Now,  among  the  water-breathing  Arthropoda^  no  trace  of 
limbs  has  yet  been  certainly  discovered  among  the  Th'tlo- 
hita ;  in  the  Merostomata  {Eurypterida  &nd  Xtphosura) 
the  gnathites  are  completely  pediform ;  while,  in  the  Mito- 
mostraca  and  Malacostraca,  more  or  fewer  of  the  gnathites 
are  so  modified  as  to  subserve  manducation  and  no  other 
function. 

» Bromi'R  "Klasaen  und  Ordnungen  des  Thierreiohs,"  vol.  v.,  p.  278.  1868. 


THE  GROUPS  OP  THE  ARTHROPODA.  225 

In  the  air-breathing  series  no  completely  apodal  forms  are 
known.  The  Tardigrada  and  the  Pentastomida  appear  to 
have  no  jaws  ;  but  the  presence  of  oral  stilets  in  the  former, 
and  the  position  of  the  hooks  which  represent  the  limbs  in 
the  latter,  throw  some  doubt  upon  this  point. 

In  the  Arachnida  and  the  Peripatidea  the  gnathites  are 
completely  pediform.  But  in  the  Myriapoda^  and  still  more 
in  the  Insecta^  the  gnathites  lose  the  character  of  legs,  and 
are  completely  converted  into  manducatory  organs.  Thus 
we  arrive  at  the  following  arrangement  of  the  Arthropoda  : 

Abthbopoda. 

/.  Without  Onathites. 
Tbilobita.  Tabdigbada  (?)  Pentastomida  (?) 

//.   With  Pediform  Gnathites, 
Mebostomata.      Abaohnida.  Pebipatidea. 

III.  With  Maailliform  Gnathites. 

Entomostbaoa.  Mtbiapoda. 

Malaoostbaoa.  Inseota. 


Water-breathers.  Air-breathers. 


For  the  most  part. 

Of  the  four  great  groups,  the  Crustacea  are  those  which 
present  the  greatest  and  the  most  instructive  variations  upon 
the  fundamental  type  of  structure;  while  the  modifications 
of  the  JnsecCa,  Arachnida^  and  Myriapoda^  are  less  exten- 
sive, and  may  be  regarded  as  of  secondary  morphological  im- 
portance. The  Crustacea  will,  therefore,  be  treated  of  at 
some  length,  while  the  other  groups  will  be  passed  over  more 
lightly. 

THE  CRXTSTACEA. 

The  Tbilobita. — These  ancient  Arthropods,  which  have 
been  extinct  since  the  latter  part  of  the  Palaeozoic  epoch,  oc- 
cur in  the  fossil  state  in  great  numbers,  and  in  conditions 
very  favorable  for  their  preservation  ;  but,  up  to  this  time,  no 
certain  indications  of  the  existence  of  appendages,  nor  even 
of  any  hard,  sternal  body-wall,  have  been  discovered,  though 
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a  shield-shaped  labrum,  which  lies  in  front  of  the  mouth,  has 
been  preserved  in  some  specimens.  The  body  consists  of  a 
cephalic  shield  (Fig.  57,  -k)  ;  of  a  variable  number  of  mov- 
ably-articulated  thoracic  somites  (Fig.  57,  JS)  ;  and  of  a  joy- 
gidium^  composed  of  a  variable  number  of  the  somites  which 
succeed  the  thorax,  united  together  (Fig.  57,  C), 

Each  thoracic  somite  presents  a  median  portion,  convex 
from  side  to  side,  termed  the  axis  or  tergum^  and  two  flat- 
tened lateral  portions,  the  pleura.  The  former  overlap  one 
another  largely  when  the  body  is  extended,  the  latter  when 
it  is  flexed,  and  the  freedom  of  motion  permitted  by  this  ar- 
rangement is  so  great  that  many  Trilobites  were  able  to  roll 
themselves  up  like  wood-lice,  and  are  found  fossilized  in  that 
condition.  At  the  lateral  edge  of  each  pleuron,  the  cuticular 
substance  of  which  it  is  composed  folds  inward,  and  can  be 
traced  on  the  ventral  or  sternal  side  for  some  distance.  But 
in  the  middle  of  the  ventral  region  no  indication  of  a  sternum 
is  discoverable.  It  may,  therefore,  be  concluded  that  the 
sternal  region  of  the  somite  was  of  a  soft  and  perishable  na- 
ture ;  and  that  the  thoracic  somite  of  a  Trilobite  resembled 
one  of  the  abdominal  somites  of  a  crab  in  this  and  in  some 
other  respects. 

The  glabellum  (Fig.  57,  4),  or  central  raised  ridge  of  the 
cephalic  shield,  is  a  continuation  of  the  thoracic  axis^  the  lo- 
cation of  its  sides  perhaps  referring  to  the  number  of  primi- 
tive somites  it  represents.  The  limby  or  lateral  area  on  either 
side,  answers  to  a  thoracic  pleuron  ;  its  thickened  margin 
(Fig.  57,  1)  is  produced  into  two  longer  or  shorter  posterior 
angles  (g)  ;  iriferiorly,  the  marginal  band  is  reflected  inward 
for  a  short  distance,  as  the  suhfrontal  fold^  the  remaining 
sternal  area  being  incomplete.  A  median  movable  plate 
answers  to  the  labrum  of  Apus  and  Limulus,  On  the  occip- 
ital or  lateral  margin  of  the  limb  a  suture  (Fig.  57,  5)  com- 
mences, and,  passing  between  the  eye  and  the  glabellum, 
meets  that  of  the  opposite  side  either  in  front  of  the  latter, 
or  on  the  margin  of  the  limb,  or  on  the  subfrontal  fold,  and 
is  connected  with  the  labral  suture  by  one  or  two  sutures. 
The  limb  is  thus  divided  into  two  parts — one  fixed  (the  fixed 
gena^Fi^,  57,  «),  attached  to  the  glabellum;  the  other  sep- 
arable (the  movable  gena^  Fig.  57,  ft),  on  which  the  eye  is 
placed.  The  eyes  are  absent  in  some  genera.  In  others  they 
occur  as  isolated  ocelli ;  or  in  groups,  their  interspaces  being 
occupied  by  the  common  integument ;  or  they  may  resemble 
the  compound  eyes  of  other  Arthropods, 
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M.  Barrande '  has  succeeded  in  tracing  out  the  derelop- 
ment  of  some  species  of  Trilobites.     He  finds  that  the  smatl- 


FiB.  n.—Diignm  of  ■Z>aAnan<fM  (liter  FIctet).— A,  head;  1,  nargliiU  bud :  S,DMtr- 
ginal  gtooie.  internal  to  the  baud  ;  S.  occipital  eegment ;  4.  ((litbellDni ;  S,  great 
■ulnre  ;  6,  ejea  ;  o,  died  Kcns  ;  6,  Bepatable  Ken«  ;  g,  geoaJ  angle ;  B,  thorai :  7, 
aila  or  tergam  ;  8,  plenron ;  0,  fsfftalam ;  9,  tergal ;  ID,  pleural  portlouB  of  tbe 
pjglaiiun. 

est,  and  therefore  the  youngest,  forms  are  discoidal  bodies, 
without  any  clear  evidence  of  segmentation.  The  division 
into  somites  talces  place  by  degrees,  the  number  increasing 
up  to  the  adult  condition.  It  is  possible  that  still  younger 
conditions  may  have  escaped  fossil ization,  but  the  analogy 
of  Jjimtdua  suggests  that  these  small  diacoidal  forms  really 
represent  the  condition  in  which  the  Trilobite  left  the  egg. 

The  Mbbostomata,' — ^The  only  existing  representative  of 
this  division  of  the  Cruatacea  is  the  genus  itwjM/wj  (the  King 
Crabs  or  Horseshoe  Crabs),  the  various  species  of  which  are 


' "  BvsWme  Siluri 

•H.  Woodward," ^._^_ 

» the  Order  MeroatoiMU,"  1868, 
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found  ID  America  and  in  the  Moluccafi.  They  are  usually 
classed  as  a  distinct  order  of  the  Crustacea^  termed  JCipho- 
sura  or  Pcecilopoda. 

The  body  of  Zimulua  (Fig.  58)  is  naturally  divided  into 
three  parts,  which  are  movably  articulated  together.  The 
most  anterior  is  a  shield  shaped  portion,  curiously  similar  in 
form  to  the  head  of  a  Trilobite.  Its  convex  dorsal  surface  is 
similarly  divided  into  a  median  and  two  lateral  regions;  its 
edges  are  thickened,  and  its  posterior  and  external  angles  are 
produced  backward.  At  the  anterior  end  of  the  median  re- 
gion two  simple  eyes  are  situated,  and  at  its  sides  are  two 
large  compound  eyes.  The  sternal  surface  presents,  ante- 
riorly, a  flattened  subjrontal  area,  behind  which  it  is  deeply 
excavated,  so  that  the  labrum  and  the  appendages  are  hidden 
■  ill  a  deep  cavity  formed  by  its  shelving  walls.  The  middle 
division  of  the  body  of  Limtdus  exhibits  markings  which  in- 
dicate that  it  is  composed  of,  at  fewest,  six  coalesced  somites; 
its  margins  are  spinose,  and  its  excavated  sternal  face  lodges 
the  appendages  of  this  region. 


w  mtiiKcamu  (dorsal  view).  B.  L.  roCundieaada  (Tentral  view) 
rardB)t  a.  anierior:  A,  middle  division  of  the  bo^r  :  s,  telion,  d; 
e,  anleDDales  ;  f,  autenns ;  g,  operculam .  k,  bmacblfecmu  ■!>■ 


The  terminal  division  is  a  long,  pointed,  and  laterally  bi 
rated  spine,  which  is  termed  the  telson. 
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The  mouth  is  placed  in  the  centre  of  the  sternal  surface  of 
the  anterior  division  ;  the  anus  opens  on  the  same  surface,  at 
the  junction  between  the  middle  division  and  the  telson.  A 
movable,  escutcheon -shaped  labrum  projects  backward  in  the 
middle  line,  immediately  behind  the  subfrontal  area  (d)  ;  and 
on  each  side  of  it  is  a  three-jointed  appendage,  the  second  joint 
of  which  is  prolonged  in  such  a  manner  as  to  form  with  the 
third  a  pincer  or  chela.  The  attachment  of  this  appendage  is 
completely  in  front  of  the  labrum,  which  separates  it  from  the 
mouth. 

In  each  of  the  next  five  pairs  of  appendages,  the  basal 
joint  is  enlarged  ;  and,  in  the  anterior  four,  its  inner  edge  is 
beset  with  numerous  movable  spines.  The  attachment  of  the 
basal  joint  of  the  foremost  of  these  appendages  (the  second 
of  the  whole  series)  is  in  front  of  the  mouth  ;  but  its  pro- 
longed, spinose,  posterior  and  internal  angle  may  be  made  to 
project  a  little  into  the  oral  cavity.  The  basal  joints  of  the 
following  three  appendages  are  articulated  at  the  sides  of  the 
mouth,  and  the  inner  angle  of  each  is  provided  with  a  spinose 
process  which  projects  into  the  oral  cavity.  The  second, 
third,  fourth,  and  fifth  appendages  in  the  females  are  chelate ; 
in  the  males  of  most  species  the  second,  and  sometimes  the 
third,  are  not  chelate.  The  large  basal  joint  of  the  sixth  ap- 
pendage is  almost  devoid  of  spines,  and  bears  a  curved,  spat- 
ulate  process,  which  is  directed  backward  between  the  ante- 
rior and  middle  divisions  of  the  body.  The  fifth  joint  of  this 
limb  carries  four  oval  lamellaB.  The  appendages  which  form 
the  seventh  pair,  very  unlike  the  rest,  are  short,  stout,  and 
single-jointed. 

The  eighth  pair  of  appendages,  again,  are  of  a  totally  dif- 
ferent character  from  those  which  precede  them.  They  are 
united  in  the  middle  line  into  a  single  broad  plate,  which 
forms  a  sort  of  cover,  or  operculum^  over  the  succeeding  ap- 
pendages, when  the  animal  is  viewed  from  the  sternal  side. 
On  the  dorsal  face  of  this  plate  are  seated  the  two  apertures 
of  the  reproductive  organs. 

From  the  inner  face  of  the  anterior,  or  sternal,  wall  of 
each  half  of  the  operculum  a  strong  process  arises,  and  passes 
upward  to  be  attached  to  a  corresponding  process  of  the  ter- 
gal wall  of  the  anterior  division  of  the  body.  By  far  the 
greater  part  of  the  large  levator  muscle  of  the  appendage 
arises  from  the  tergal  wall  of  the  anterior  division  of  the 
body,  and  the  nerve  which  supplies  the  limb  is  derived  direct- 
ly from  the  posterior  part  of  the  multiganglionate  cord  which 
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surrounds  the  gullet  and  supplies  the  appendages  which  lie 
in  front  of  the  operculum. 

The  five  pairs  of  appendages  which  remain  resemble  the 
operculum  in  their  general  form,  and  have  ascending  process- 
es, which  are  connected  with  inward  prolongations  of  the  ter- 
gal wall  of  the  middle  division  of  the  body.  Their  nerves  are 
derived  from  the  ganglia  which  lie  in  this  region  of  the  bod3% 

Thus  there  are  altogether  thirteen  pairs  of  appendages, 
eight  of  which  are  connected  with  the  anterior,  and  five  with 
the  middle  division  of  the  body  ;  and  the  appendages  in  the 
region  of  the  mouth  are  essentially  ordinary  limbs,  the  basal 
joints  of  some  of  which  are  so  modified  as  to  subserve  mau- 
ducation. 

The  determination  of  the  homologies  of  the  parts  hither- 
to spoken  of  as  the  anterior  and  middle  divisions  of  the  body, 
and  of  their  appendages,  is  a  matter  of  some  difficulty ;  but, 
on  comparing  the  disposition  of  the  limbs  and  their  nervous 
supply  with  what  obtains  in  the  higher  Crustacea ^  it  seems 
hardly  doubtful  that  the  first  pair  of  appendages  answer  to 
the  antennules ;  the  second,  to  the  antennsB ;  the  third,  to 
the  mandibles  ;  the  fourth  and  fifth,  to  the  maxillae  ;  and  the 
sixth,  seventh,  and  eighth,  to  the  maxillipedes  of  Astacus  or 
Homarus  ;  and,  in  this  case,  the  anterior  division  is  a  ceph- 
alo-thorax.  If  the  position  of  the  genital  openings  marks 
the  hinder  boundary  of  the  thorax,  the  middle  division  of  the 
body  represents  an  abdomen,  composed  of  five  somites.  But, 
on  the  other  hand,  it  may  be  that  the  genital  organs  open  in 
front  of  the  hinder  extremity  of  the  thorax,  as  in  female 
Podophthalmia^  and  that  the  five  somites  which  form  the 
middle  division  correspond  with  the  remaining  five  somites 
of  the  thorax  of  a  Podophthalmian.  In  this  case,  the  region 
which  corresponds  with  the  abdomen  in  the  higher  crusta- 
ceans is  undeveloped. 

The  alimentary  canal  of  LimuLus  is  very  peculiarly  ar- 
ranged. The  gullet  passes  directly  forward  and  upward, 
and  gradually  widens  into  the  stomach,  the  walls  of  which 
are  provided  with  many  longitudinal  folds.  The  pylorus  is 
prolonged  into  a  narrow  tube  which  projects  into  the  intes- 
tine. The  two  biliary  ducts  on  each  side  are  far  apart,  and 
branch  out  into  minute  tubules,  which  form  a  mass  occupying 
the  greater  part  of  the  cavity  of  the  body.  The  rectum,  a 
slender  canal  with  plaited  walls,  and  very  short,  opens  into  a 
sort  of  cloaca  situated  between  the  telson  and  the  sternal  wall 
of  the  abdomen. 
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The  heart,  in  Z/imulus  polyphemtis^  is  an  elongated  mus- 
cular tube,  divided  into  eight  chambers,  and  having  as  many 
pairs  of  lateral  valvular  apertures.  It  lies  in  a  large  peri- 
cardial sinus,  which,  in  its  abdominal  portion,  presents  on 
each  side  five  apertures,  the  terminations  of  the  branchial 
veins.  The  branchiae  consist  of  numerous  delicate  semicir- 
cular lamellae,  attached  transversely  to  the  posterior  faces  of 
the  five  post-opercular  appendages,  and  superimposed  upon 
one  another  like  the  leaves  of  a  book. 

The  nervous  system  appears,  at  first  sight,  to  be  very  con- 
centrated, its  principal  substance  being  disposed  in  a  ring, 
embracing  the  oesophagus  ;  but,  on  closer  inspection,  it  is 
found  to  consist  of  an  anterior  mass,  representing  the  prin- 
cipal part  of  the  cerebral  ganglia  in  most  other  Crustacea^ 
and  of  two  ganglionic  cords  which  proceed  from  the  outer 
and  posterior  angles  of  that  mass,  and  extend  as  far  as  the 
interval  between  the  last  and  penultimate  pairs  of  append- 
ages. These  cords  are  thick,  and  lie  on  each  side  of  the 
oesophagus,  around  which  they  converge,  so  as  to  come  into 
close  union  and  almost  confluence,  immediately  behind  it. 
In  front  of  this  point,  however,  they  are  connected  by  three 
or  four  transverse  commissures,  which  curve  round  the  poste- 
rior wall  of  the  oesophagus,  and  become  gradually  shorter 
from  before  backward. 

The  first  of  these  commissures  unites  the  two  cords  oppo- 
site the  origin  of  the  nerves  to  the  third  pair  of  appendages, 
which  I  regard  as  the  homologues  of  the  mandibles.  In  front 
of  this  point,  the  cerebral  ganglia  give  oflF,  from  their  ante- 
rior edges,  the  nerves  to  the  ocelli,  eyes,  and  frontal  region ; 
and,  from  their  posterior  and  under  surfaces,  those  to  the  an- 
tennules.  The  nerves  to  the  antennae  arise  from  the  cord 
close  to  the  outer  and  posterior  angles jDf  the  cerebral  gan- 
glia, and  some  distance  in  front  of  those  to  the  mandibles. 
Close  behind  the  latter  arise  the  large  nerves  to  the  fifth  and 
sixth  cephalo-thoracic  appendages. 

The  nerves  to  the  rudimentary  seventh  pair  of  append- 
ages are  slender,  and  arise  rather  from  the  under  part  of 
the  post-oesophageal  ganglia ;  those  which  supply  the  eighth 
pair  of  appendages,  constituting  the  operculum,  are  also 
slender,  and  seem  to  come  off  from  the  two  longitudinal  com- 
missural cords,  which  connect  the  post-oesophageal  ganglia 
with  those  which  are  situated  in  the  second  division  of  the 
body,  though  they  are,  in  truth,  only  united  in  one  sheath 
with  them  for  a  short  distance,  and  can  be  readily  traced  to 
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the  post-oesophageal  ganglia,  internal  to  the  nerves  of  the 
seventh  pair  of  appendages.  The  longitudinal  commissures 
are  very  long,  and  are  inclosed  in  a  continuation  of  the  same 
sheath  ;  they  pass  back  into  the  second  division  of  the  body, 
and  there  present  four  ganglionic  enlargements,  whence  the 
nerves  of  the  post-opercular  appendages  proceed.  The  last 
of  these  ganglia  is  much  larger  than  the  others,  and  appears 
to  consist  of  several  confluent  masses.  The  nerves  diverge 
from  it  in  such  a  manner  as  to  resemble  a  cauda  equina. 

The  reproductive  organs  of  both  sexes  consist  of  a  mass 
of  glandular  caeca,  which  ramify  through  the  body  amid  the 
hepatic  tubules,  and  eventually  open  on  papillse  situated  on 
the  posterior  face  of  the  operculum.  The  males  are  much 
smaller  than  the  females,  and  present,  in  many  species,  an 
external  sexual  distinction  in  the  peculiarity  of  their  second 
and  third  appendages  already  referred  to. 

The  young  of  Limultis  acquires  all  its  characteristic 
features  while  still  within  the  egg.  The  interesting  obser- 
vations of  A.  Dohrn  *  have  shown  that,  in  an  early  stage,  the 
embryo  is  provided  with  the  nine  anterior  pairs  of  append- 
ages, and  is  marked  out  into  fourteen  somites  by  transverse 
grooves  upon  its  sternal  face.  The  body  has  the  form  of  a 
thick  rounded  disk,  divided  into  an  anterior  shield  composed 
of  six  somites,  and  a  posterior,  likewise  shield-shaped  region, 
formed  by  the  union  of  eight  somites.  The  telson  has  not 
made  its  appearance.  In  this  condition,  its  resemblance, 
apart  from  the  limbs,  to  such  a  Trilobite  as  TVinucleua  is,  as 
Dohrn  points  out,  most  remarkable. 

The  JCiphosura  were  represented  in  the  Carboniferous 
epoch  (BeUinurua). 

The  Eurypterida  (Fig.  59)  are  extinct  Cru8ta<iea  of  Pa- 
laeozoic (Silurian)  age,  which  sometimes  attain  a  very  large 
size  and  in  many  respects  resemble  LimulvSy  while,  in  others, 
they  present  approximations  to  other  Crustacea^  especially 
the  Copepoda,  An  anterior,  eye-bearing,  shield-shaped  di- 
vision of  the  body  is  succeeded  by  a  number  (12  or  more) 
of  free  somites,  and  the  body  is  ended  by  a  broad,  or  narrow 
and  spine-like,  telson.     Five  pairs,  at  most,  of  limbs,  pro- 

»  "  Unterstioliunti^en  tiber  Ban  und  Entwickelun^  der  Arthropoden."  (Jena-- 
iache  Zeitschrift^  Bd.  vi.)  See  also  the  observations  of  Lockwood  and  Packard, 
American  NdturaliM^  vol.  iv.,  1871,  vol.  vii.,  1873,  and  "  Memoirs  of  the  Boston 
Society  of  Natural  History,"  1872 :  with  the  discussion  of  the  systematio  place 
of  Limidua  by  £.  Van  Beneden,  Jimmal  de  Zoologie^  1872. 
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Tided  with  toothed  basal  joints,  are  attached  to  the  sternal 
surface  of  the  shield,  and  the  mouth  ia  covered,  behind  them, 
by  a  large  oval  plate  which  appears  to  represent  a  meta- 
stoma  (Fig.  59,  _B,  g).  Some  of  the  anterior  limbs  are  fre- 
quently chelate  (IH,erygotua) ;  the  terminal  joints  of  the  most 
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posterior  pair  are  generally  expanded  and  paddle-like.  The 
integument  often  presents  a  peculiar  sculpture,  simulating 
minute  scales.  The  sternal  surface  of  one  or  more  of  the 
anterior  free  somites  is  occupied  by  a  broad  plate,  with  a 
median  lobe,  and  two  laterally-expanded  side-lobea  (Fig.  59, 

8  den  oberiiluriBoben  Soluohtan  der  Insel 


234         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

By  A),  having  a  remote  resemblance  to  the  operculum  of 
JLimulus. 

Thb  Entomostbaca. — All  the  remalDing  Crustacea  have 
completely  specialized  jaws;  and  as  many  as  six  paii*s  of 
appendages  may  be  converted  into  gnathites. 

In  the  Entomostrojca^  if  the  body  possesses  an  abdomen 
(reckoning  as  such  the  somites  which  lie  behind  the  genital 
aperture),  its  somites  are  devoid  of  appendages.  Moreover, 
the  somites,  counting  that  which  bears  the  ^^^^  as  the  first, 
are  more  or  fewer  than  twenty.  There  are  never  more  than 
three  pairs  of  gnathites.  The  embryo  almost  always  leaves 
the  Q^^'g  in  the  condition  of  a  NaupUus ;  that  is,  an  oval 
body,  provided  with  two  or  three  pairs  of  appendages,  which 
become  converted  into  antennary  organs  and  gnathites  in  the 
adult.  The  division  of  the  Jantomoatraca  comprises  the 
Copepoda,  the  Epizoa^  the  Branchiopoda^  the  Ostracodaj 
and  the  Pectostraca, 

The  Copepoda. — Tn  these  Entomostraca^  which  come 
nearest  to  the  Eurypterida^  the  cephalic  shield,  which  is  dis- 
coidal  and  not  folded  longitudinally,  is  succeeded  by  a  certain 
number  of  free  thoracic  and  abdominal  somites.  The  anten- 
nules  and  antennas  are  large,  and,  as  in  the  Eurypterida^  are 
organs  of  locomotion  and  sometimes  of  prehension.  The  an- 
terior thoracic  members  are  converted  into  foot- jaws  ;  the 
posterior  serve  as  paddles,  the  limbs  of  each  pair  being  often 
united  together  in  the  middle  line,  as  in  Limulus.  The  em- 
bryo leaves  the  ^g'g  as  a  Nauplius. 

The  various  species  of  the  genus  Cyclops^  which  abound 
in  fresh  water,  afford  excellent  illustrations  of  the  structure  of 
the  Gopepoda. 

The  minute  animal  (Fig.  60)  is  shaped  something  like  a 
split  pear,  the  larger  end  corresponding  with  the  head,  and 
the  convex  side  with  the  dorsal  surface.  The  anterior  third 
of  the  body  is  covered  by  a  large  carapace,  which,  at  the  sides, 
extends  downward  as  a  free  fold  over  the  bases  of  the  ap- 
pendages, but  is  hardly  at  all  free  posteriorly.  Anteriorly, 
in  the  middle  line,  it  curves  forward  and  downward,  and  is 
produced  into  a  short  rostrum,  on  each  side  of  which  a  con- 
siderable excavation  lodges  the  base  of  the  long  antennule, 
by  tlie  vigorous  oar-like  strokes  of  which  the  animal  darts 
through  the  water.  At  the  anterior  boundary  of  the  head, 
the  double,  black,  median  eye,  which,  unless  very  closely  ex- 
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Kinined,  &ppeftrs  dngle,  shines  through  the  Cftrapace,  and  at 

the  sides  of  the  latter,  two  coiled  tubes  with  clear  contents, 
the  soK^alled  ahell-glands,  are  seen. 

Four  distinct  and  movable  somites  succeed  the  carapace, 
aod  gradually  diminish  in  diameter.  The  body  then  suddenly 
enlarges,  and  becomes  divided,  in  the  female,  into  four  seg- 
ments, the  last  of  which  gives  attachment  to  two  long  setose 
styles,  which  poBsibly  represent  another  somite.  There  is  a 
well-developed  and  prominent  labrum  (or  conjoined  epiatoma 
and  labrum)  in  front  of  the  mouth,  and  behind  it  is  a  bilobed 
metastoma.    The  first  pair  of  appendages  are  the  long  and 


Fis.  SD.—  C^kAsk.— 8tde-Tlew  riT  an  adnll  fenule  carryla^  «  p>lr  oT  orineB.  md  vm- 
Iral  Tlew  of  tbe  htad.  ahDwlDE  the  iftbrnm,  inelaBtom*  and  »ppeDd»eei  oT  the  left 
tide.  I',  eve  ;  n',  anlenniile ;  III',  antcnus  ;  W,  mSBdible  ;  V'Tflrat  maillla ; 
VI'  McondnuTillafemnieoDBlymarbtdVIl'}  a.onler;  A,  luner divlatoii ;  1,9, 
S,  4,  G,  tbOfseic  Umbe  ;  B.  roelram  ;  U>,  Ubnun ;  mt,  mctaetaiDB. 

many-jointed  antennules,  which  are  the  chief  organs  of  loco- 
motion. These  are  succeeded  by  the  short  and  few-jointed 
antennee.  The  third  pair  of  appendages,  or  first  pair  of  gna- 
thites,  differ  from  the  correspondinglimb  in  iim«ft^8  in  the  re- 
duction of  the  greater  part  of  the  appendage  to  a  rudiment 
terminated  by  setffi,  while  the  strong  basal  part  is  the  princi- 
pal gnathite  or  mandible.  The  second  pair  of  gnathites  are 
strong  and  incurved  ;  following  upon  these  is  a  third  pair  of 
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appendages,  each  divided  into  two  portions,  an  inner  and  an 
outer.  The  latter  is  by  far  the  larger,  and  is  so  constructed 
that  the  three  distal  articulations  can  be  bent  back  upon  the 
proximal  ones,  and  opposed  to  the  internal  division,  consti- 
tuting a  prehensile  organ,  the  "  hand  "  of  Jurine.*  Thus  the 
gnathites  of  Cyclops  are  a  pair  of  mandibles  followed  by  two 
pairs  of  maxillae.  At  some  distance  behind  the  third  pair  of 
gnathites  the  first  pair  of  thoracic  appendages  is  attached  to 
the  hinder  part  of  the  cephalo-thorax.  Each  consists  of  a  two- 
jointed  basal  part  {protopodite)y  terminated  by  two  three- 
jointed  divisions  {eosopodite  and  endopodite).  Three  similar 
pairs  are  appended  to  the  three  anterior  free  somites,  while 
a  fifth  rudimentary  pair  is  connected  with  the  next  and  small- 
est of  these  somites.  The  suddenly-enlarged  following  seg- 
ment of  the  body  carries  the  apertures  of  the  reproductive 
organs  in  the  female,  and  supports  the  ovisacs.  It  is  (com- 
monly regarded  as  the  first  abdominal  somite  ;  but,  according 
to  Claus,  it  is  composed  of  two  distinct  somites,  which  be- 
come united  only  after  the  last  moult. 

The  alimentary  canal  is  straight  and  simple,  and  without 
any  distinct  liver.  There  is  no  heart  nor  any  special  respira- 
tory  organ. 

The  single  ovary,  situated  in  the  thorax,  is  provided  with 
two  oviducts,  which  open  on  the  sides  of  the  coalesced  first 
and  second  abdominal  somites.  On  the  ventral  face,  between 
the  apertures  of  the  oviducts,  is  the  median  aperture  of  a 
colleterial  gland  which  secretes  the  viscid  matter  which  forms 
the  coat  of  the  ovisac.  Short  lateral  ducts  connect  the  gland 
with  the  extremities  of  the  oviducts. 

The  male  is  much  smaller  than  the  female,  and  the  two 
enlarged  somites  of  the  abdomen  remain  distinct.  There  k, 
a  single  testis  provided  with  two  vasa  deferentia.  A  special- 
ly glandular  portion  of  the  latter  secretes  the  material  of 
the  sperm atoph ores,  or  cases  in  which  the  spermatozoa  are 
inclosed.  The  antennse  are  thickened,  and  provided  with  a 
peculiar  hinge- joint,  by  means  of  which  the  male  firmly 
seizes  the  fourth  pair  of  swimming-legs  of  the  female  during 
copulation,  and  then,  bending  up  his  abdomen,  deposits  two 
of  the  spermatophores  on  the  median  opening  of  the  colle- 

1  That  these  are  two  divisions  of  the  third  gnathite,  and  not  two  separate 
appendages^  has  been  demonstrated  by  tracing  out  their  development.  ( Claus, 
"  Organization  und  Verwandtsohaft  aer  Copepoden,"  Wurzburger  natumnsa, 
Zeitschfi/t,  1862.)  Under  these  circumstances  I  do  not  know  why  they  shotdd 
be  termed  *'  maxillipedes." 
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terial  gland,  into  which  the  spermatozoa  pass  on  their  way  to 
the  oviducts.  The  gland  thus  plays  the  part  of  a  sperma- 
theca.  The  eggs  are  carried  about  in  the  ovisacs  until  they 
are  hatched. 

The  vitellus  undergoes  complete  division,  and  a  morula 
results,  the  blastomeres  of  which  soon  become  differentiated 
into  a  superficial  epiblast,  surrounding  a  deeper-colored  mass, 
which  gives  rise  to  the  hypoblast  and  mesoblast.  The  whole 
embryo  then  becomes  divided  by  two  constrictions  into  three 
segments,  and  the  hypoblast  arises  by  delamination  around 
a  central  cavity,  which  becomes  the  alimentary  canal.  There 
is  a  large  labrum  on  the  ventral  side  of  the  first  segment  in 
front  of  the  mouth.  The  eye  appears  on  the  tergal  aspect  of 
the  most  anterior  segment,  as  two  pigment-spots  which  soon 
coalesce  into  one ;  and  a  pair  of  jointed  setose  limbs  grows 
oat  of  each  segment.  In  this  Nauplius-state  the  young  Cy- 
clops leaves  the  egg. 

The  posterior  part  of  the  body  elongates  and  becomes 
divided  into  the  somites  of  the  thorax  and  abdomen,  from 
which  their  respective  appendages  bud  out  ;  and  these 
changes  are  accompanied  by  exuviation  of  the  cuticle.  The 
three  pairs  of  appendages  of  the  Nauplius  are  converted  into 
the  antennules,  antennae,  and  mandibles  of  the  adult. 

There  are  a  few  other  fresh-water  and  many  marine 
genera  of  Copepoda.  Among  the  latter,  the  Pontellidce  are 
remarkable  for  the  separation  of  that  part  of  the  head  which 
bears  the  antennules  and  the  antennae,  from  the  rest,  a  pecu- 
liarity to  which  a  parallel  can  be  found  only  among  the  Sto- 
matopoda,  Oorycceus  has  two  large,  more  or  less  lateral 
eyes  in  addition  to  the  median  eye,  subchelate  antennae,  and 
a  rudimentary  abdomen.  The  beautifully  iridescent  Sapphi- 
rina  has  an  extremely  depressed  body,  short  filiform  an- 
tennae, two  eyes,  and  rudimentary  gnathites.  A  short  tho- 
racic heart  is  present  in  some  genera. 

The  Epizoa. — Insensibly  connected  by  such  genera  as 
ErgcLsilus  and  Caligus  with  the  typical  Copepods,  are  a  great 
number  of  very  singular  Crustacea^  which,  from  their  habit 
of  living  parasitically  upon  aquatic  animals  (whence  their 
vulgar  name  of  "fish-lice"),  have  received  the  title  of  Epi- 
zoa,  Ghondracanthus  gibhosus^  commonly  found  in  great 
abundance  on  the  walls  of  the  branchial  chamber  of  the 
Fishing-frog  (Zophius  piscatoriiui)^  may  serve  very  well  as 
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an  illustration  of  the  most  remarkable  peculiarities  of  this 
aberrant  group. 

The  female  (Fig.  61)  is  not  more  than  half  an  inch  long, 
but,  posteriorly,  two  long  slender  cylindrical  filaments  (like 
the  rest  of  the  animal,  of  a  whitish  or  yellowish  color)  are 
attached  to  its  body,  which  is  broad  and  flattened,  and  as  it 
were  crimped  at  its  edges,  so  as  to  present  two  principal 
transverse  folds.  The  angles  of  the  folds  are  elongated  into 
lateral  processes  (A,  iyf)y  and  similar  processes  (c?,  e)  proceed 
from  the  middle  line  of  the  body,  which  by  these  outgrowths 
and  foldings  becomes  singularly  distorted ;  and  the  grotesque- 
ness  of  the  animaPs  appearance  is  not  a  little  enhanced  by 
the  bowing  motion,  accompanied  by  a  flapping  backward  and 
forward  of  its  gouty  limbs,  which  it  executes  when  detached 
from  the  integument  of  the  LophiuB, 

The  head  is  expanded  into  a  sort  of  hood,  the  convex 
anterior  margin  of  which  bears  the  antennules  and  antennae, 
the  latter  being  metamorphosed  into  the  strong  curved  hooks 
by  which  the  Chondr acanthus  is  securely  anchored  to  the 
infested  animal.  A  subquadrate  labrum  overhangs  the  mouth, 
but  does  not  inclose  the  mandibles  and  form  a  suctorial  ap- 
paratus, as  it  does  in  some  Epizoa. 

The  mandibles  and  the  two  pairs  of  maxillse  resemble 
curved  hooks  or  claws.  Two  pairs  of  appendages  (Fig.  61, 
ft,  c),  composed  each  of  a  protopodite,  terminated  by  an  endo- 
poaite  and  exopodite  and  exhibiting  hardly  any  trace  of 
articulation,  are  attached  to  the  anterior  part  of  the  body 
behind  the  head. 

The  body  ends  in  a  rounded  segment,  situated  in  the  deep 
notch  between  the  hindermost  marginal  processes,  and  bear- 
ing the  two  projecting  vulvae.  Above  each  of  these  is  a  small 
triangular  papillose  lobe  (Fig.  62,  w\  probably  a  modified  ap- 
pendage, to  which,  as  we  shall  see,  the  male  attaches  himself, 
while  below  them  are  two  other  rudimentary  appendages 
(Fig.  62,  y).  The  alimentary  canal  is  a  straight  tube  running 
from  the  mouth  to  the  opposite  extremity  of  the  body.  No 
heart  is  discoverable,  and  the  nervous  system  and  organs  of 
sense  (if  any)  are  equally  undistinguishable.  The  interspace 
between  the  alimentary  canal  and  the  walls  of  the  body  is 
almost  wholly  occupied  by  the  ovarium,  which  consists  of 
four  tubes,  situated  on  each  side  of  the  intestine,  and  giving 
off  ramified  caeca,  in  which  the  ova  are  developed.  Ante- 
riorly, each  pair  of  tubes  opens  into  the  oviduct  of  its  side, 
which  passes  down  along  the  side  of  the  body  to  terminate  at 
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the  vulva.  The  lower  part  of  the  oviduct  coDtains  a  clear 
gelatinous  substance,  and  is  very  similar  in  aspect  to  the  ce- 
ment duct  of  a  cirripede;  this  substance  is  secreted  by  the 


Fis.  61.— (JtomfniainlAui  ^IMontf.— Female:  A.  Ulenl  view.  D,  veotnl  Tlew.  eo- 
iBTged:  a.  haA:b,  c,  tppvodtget ;  d,  mediBD  dniBSl  pmcesa,'  '  mmfUn  ntninl 
procesui :  /  I,  A,  Istenl  procesBeB ;  it.  termlnsl  tegniSDt;  /.  m 


walls  of  the  oviduct,  and  forms  the  walls  of  the  ovigerous  sac. 
The  latter,  as  has  been  stated,  has  the  form  of  a  long  cylin- 
drical filament,  the  upper  end  of  which  is  firmly  held  between 
the  prominent  lips  of  the  vulva  (Fig.  62,  x). 

The  male  Chondracanthua  does  not  attain  to  a  twelfth  the 
length  of  the  female,  and  looks,  at  first,  like  a  papilla  upoB 
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her  body  nenr  the  vulva.  On  close  examination,  however,  he 
is  seen  to  be  firmly  fixed  by  his  antennary  hooks  to  one  of  the 
two  triangular  lobes  described  above.  The  hooks  are  doubt- 
less at  first  attached  to  the  lobe  by  muscular  contraction ;  but 
the  connection  once  effected  seems  indissoluble — at  least  ma- 
ceration in  caustic  soda  does  not  cause  the  male  to  become 
detached.  It  does  not  appear  that  more  than  one  male  is 
attached  to  a  female. 

The  body  of  the  male  (Fig.  63)  is  pyriform,  and  exhibits 
indicationa  of  a  division  into  six  segments  beside  the  head. 


Tta.  61.— (7,  Mala  (^eadracanlhtu,  ia  Ma,  enlarged:  x,  vuLvs  of  fBnule;  tn,  tnui- 
gnlsr  MpUlose  lol»« ;  9.  antenute  af  male  ;  r.  eye-spot ;  t.  leMti ;  u,  tu  deftrena ; 
V,  ([BmlaL  Bijertarc;  ]/,  radimeniary  appendagea  of  the  female  ;  g.  ovlsacB. 

The  anterior  extremity  presents  a  black  eye-spot  imbedded 
in  its  substance,  and  gives  origin  to  a  pair  of  rudimentary 
antennules,  and  to  the  strong,  hooked,  prehensile  antennie. 
Behind  and  below  them  is  a  large  labrum  and  three  pairs  of 
hook-like  gnathites.  These  are  succeeded  by  two  pairs  of 
Bubcylindrical  appendages,  which  apparently  reprcBent  ambu- 
latory limbs. 

The  caudal  extremity  is  terminated  by  two  styles,  and 
there  are  two  prominent  tubercles  on  the  ventral  surface  of 
the  penultimate  somite,  in  which  the  genital  apertures  are 
seated.  The  alimentary  canal  is  a  delicate,  irregular  tube, 
having  many  brownish  granules  imbedded  in  its  walls.  A 
wide  cesophagus  is  connected  with  its  anterior  extremity; 
but  the  opposite  end  appears  to  be  rounded,  and  to  be  united 
with  the  ventral  surface  of  the  integument  only  by  connec- 
tive tissue.  A  complex  muscular  system,  composed  of  striped 
fibres,  is  visible  through  the  integument,  and  the  eye-spot 
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seems  to  be  connected  with  a  subjacent  ganglionic  mass. 
The  body  is  sufficiently  transparent  to  allow  the  pulsations 
of  a  heart  to  be  seen,  but  none  can  be  discovered.  The  testis 
is  a  large  oval  bilobed  mass  (^),  lying  like  a  saddle  upon  the 
anterior  part  of  the  intestine.  From  this  body  a  thick  vas 
deferens  runs  back  upon  each  side  of  the  intestine,  and  di- 
lates in  the  penultimate  and  antepenultimate  somites  into  a 
thick  walled  pyriform  sac — a.  sort  of  vesicula  seminalis.  The 
embryo  leaves  the  egg  as  a  Nauplius^  like  that  of  Cyclops. 

There  are  many  genera  of  these  parasites,  some  of  which, 
such  as  the  almost  completely  vermiform  Lernceoey  deviate 
even  more  widely  than  Ghondracanthus  from  the  ordinary 
form  of  Crustacea^  while  others,  such  as  JSrgasilus  and  Nbto- 
ddphys^  diifer  but  little  from  the  free  Gopepoda. 

In  Galigus^  the  labium  and  metastoma  are  elongated  and 
united  into  a  tube  in  which  the  sharp  styliform  mandibles  are 
inclosed  ;  and  from  the  prevalence  of  this  suctorian  form  of 
mouth  in  some  of  the  best  known  species  of  parasitic  GopC' 
poda^  they  are  frequently  termed  "suctorial"  crustaceans. 
Suctorial  disks  for  attachment  are  developed  from  the  coa- 
lesced posterior  pair  of  thoracic  members  in  Achtheres  /  and, 
in  this  genus,  the  head,  as  a  distinct  part,  becomes  almost 
entirely  obsolete. 

Argulus^  the  parasite  so  common  on  the  Stickleback,  is 
worthy  of  notice  as  one  of  the  most  curious  modifications  of 
the  epizoic  type.*  It  is  extremely  flattened,  and  is  composed 
of  an  anterior  cephalo- thoracic  disk,  behind  which  lies  a  very 
short  and  broad,  notched  abdomen.  A  median  styliform 
weapon  lies  in  a  sheath  in  front  of  the  mouth,  and  the  small 
mandibles  and  maxillae  are  inclosed  in  a  short  tube  formed 
by  the  labrum  and  the  metastoma.  Six  pairs  of  appendages 
lie  behind  the  mouth,  the  anterior  being  metamorphosed  into 
suckers,  the  next  pair  into  strong  limbs  with  a  toothed  sec- 
ond joint,  and  the  four  others  constituting  biramous  swim- 
ming-feet. There  are  two  pairs  of  antennary  organs,  and  two 
compound  eyes.  According  to  Leydig,  the  males  are  pro- 
vided with  cups  on  their  penultimate  swimming-feet;  and, 
during  copulation,  these  are  filled  with  the  seminal  fluid, 
which  is  thus  transferred  to  the  vulva  of  the  female,  and 
thence  to  the  spermatheca.  The  eggs  are  laid,  and  not  car- 
ried about  in  ovisacs.     The  larva  is  provided  with  two  pairs 

>  Glaus  ("  Ueber  die  Entwickelun^,  Organization  und  svstematifiche  Stellung 
der  Arguliden,"  1875)  has  proved  the  close  affinity  of  Argulus  with  the  Cope- 
poda^  but  proposes  to  regard  it  as  the  type  of  a  special  group,  the  BrancMura, 
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of  principal  swimming  appendages,  the  future  antennse  and 
the  mandibular  palps,  the  latter  eventually  entirely  dis- 
appearing. There  is  a  pair  of  small  antennules,  a  pair  cf 
strong  legs  in  the  place  of  the  suckers,  and,  behind  them,  the 
rudiments  of  the  prehensile  legs  and  the  lirst  pair  of  bira- 
mous  appendages,  the  others  being  rudimentary. 

JVbtodelphySy  which  may  be  found  very  commonly  in  the 
branchial  sac  of  AdcidianSy  closely  resembles  an  ordinary 
Copepod,  except  that  it  becomes  much  distorted,  and  that 
it  carries  its  ova  in  a  chamber  formed  by  the  dorsum  of  the 
oarapace. 

However  strangely  modified  the  adult  form  may  be  (and 
it  must  be  remembered  that  it  is  always  the  female  which  un- 
dergoes the  greatest  amount  of  Change),  the  larvse  of  all 
these  epizoic  parasites  resemble  those  of  the  ordinary  free 
Copepoda  in  possessing  only  two  (Achtheres^  Tracheliastes) 
or  three  pairs  of  appendages  (which  appertain  to  the  anterior 
region  of  the  head)  ;  and  they  are  endowed  with  considerable 
powers  of  locomotion. 

The  Branchiopoda. — The  genera  Nebalia,  Apus,  Bran- 
chipuSy  JLimnetiSy  Daphnia^  and  their  allies,  are  usually  di- 
vided into  two  orders,  the  Phyllopoda  and  the  Cladocera; 
but  these  pass  into  one  another  so  gradually,  and  have  eg 
many  structural  peculiarities  in  common,  that  the  subdivision 
of  the  group  of  Branchiopoda  appears  to  me  to  be  a  step  of 
doubtful  propriety.  Closely  resembling  the  lower  Podoph- 
thalmia^  such  as  Mysis,  in  some  respects,  these  Crustaceans 
are  invariably  distinguished  from  them  by  the  possession  of 
a  greater  or  less  number  of  somites  than  twenty ;  Nehalia^ 
which  most  nearly  approximates  the  higher  Cntstacea^  hav- 
ing twenty-two  somites.  Furthermore  the  thoracic  and  ab- 
dominal appendages  of  the  Branchiopoda  are,  in  the  majority 
of  cases,  more  or  less  foliaceous,  resembling  in  many  respects 
the  anterior  maxillipede  of  an  Aataeua^  and  being  constructed 
on  essentially  the  same  plan. 

Apu8  glacialis  (Fig.  63)  presents  an  elongated  vermiform 
body,  terminated  by  two  long,  multiarticulate,  setose  styles, 
and  covered  anteriorly  by  a  great  shield-like  carapace,  deeply 
excavated  behind.  The  posterior  three-fifths  of  the  carapace 
are  free,  and  merely  overlap  the  segments  of  the  body  ;  the 
anterior  portion,  on  the  contrary,  is  united  with  and  forms 
the  tergal  surface  of  the  corresponding  region  of  the  head  ; 
the  free  portion  of  the  carapace  shelves  away  laterally  from  a 
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median  ridge,  on  each  side  of  whicb  a  cunous  concentric  mark- 
ing, indicating  the  position  of  the  shell-gland  (Fig.  63,  -5,a5), 
is  visible.  This  gland  is  a  coiled  tube  with  clear  contents, 
which,  according  to  Clans,  opens  on  the  base  of  the  first  pair 
of  thoracic  appendages,  immediately  behind  the  second  max- 
illae. Where  the  free  joins  the  fixed  portion  of  the  carapace, 
^e  rk^e  i&  abruptly  terminated  by  a  transverse  depression. 
A  little  distance  in  front  of  this  is  another  deeper  transverse 
groove,  close  to  which,  in  the  middle  line^  are  the  two  reni- 
form  compound  eyes,  converging  toward  one  sBother  ante- 
riorly (Fig.  63,  B,  i'). 

The  ventral  surface  of  the  anterior  division  of  the  carapace 
(Fig.  63,  G)  presents  a  flattened,  semilunar,  subfrontal  area, 
as  in  Limulus^  behind  which  it  slopes  upward  on  all  sides 
into  the  posterior  division,  thus  forming  a  wide  chamber,  in 
which  the  anterior  thoracico-abdominal  segments  are  lodged. 
In  the  middle  line,  the  subfrontal  plate  sends  back  a  long  and 
wide  process,  movably  articulated  with  it,  and  rounded  at  its 
free  end — 'the  labrum  ;  above  and  behind  which  the  mouth 
and  gnathites  are  situated.  Behind  these  follow  twenty-six 
spinulose  thoracico-abdominal  segments ;  the  anterior  twenty 
of  which  bear  the  swimming-feet,  while  the  twenty-sixth, 
much  larger  than  the  others,  is  produced  into  an  incurved 
point  posteriorly,  and  carries  the  anus  and  the  terminal  setae. 

The  compound  eyes,  as  has  been  said,  are  seated  upon  the 
upper  surface  of  the  anterior  division  of  the  carapace.  On  the 
under  surface,  just  above  and  behind  the  posterior  boundary 
of  the  subfrontal  area,  and  on  each  side  of  the  labrum  (Fig.  63, 
(7,  Ih)^  is  a  delicate  jointed  filament — the  antennule  (Fig.  63, 
(7,  ii').  Behind  this  Zaddach  found,  in  some  specimens  of 
Apu8  cancriformiSy  a  second  very  small  filament,  the  rudiment 
of  the  antenna,  which  in  the  larva  is  so  large  and  important 
an  organ ;  but  I  have  observed  nothing  of  the  kind  in  A.  gla- 
cialis.  On  each  side  of  the  labrum  is  a  large,  convex,  strong, 
toothed  mandible,  and  the  aperture  of  the  mouth  is  bounded 
posteriorly  by  a  profoundly  divided  plate,  the.  metastoma. 
Succeeding  this  are  two  pairs  of  small  maxillae,  the  second 
pair  being  foliaceous,  and  almost  rudimentary.  Behind  these 
appendages,  a  cervical  fold  marks  off  the  boundary  between 
the  head  and  the  thorax,  and  at  the  same  time  corresponds 
with  the  commencement  of  the  free  portion  of  the  carapace. 
Whether  the  carapace  is  also  to  a  certain  extent  attached  to 
the  first  thoracic  somite,  as  Grube  states,^  or  whether  it  is  en- 

*  "  Bemerkungen  tiber  (Ue  PhyUopoden,"  p.  81. 
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tirelj  cephalic,  as  Milne-Edwards  considers,  is  a  point  upon 
which  I  have  been  able  to  come  to  no  very  clear  determina- 
tion ;  indeed,  it  is  a  question  rather  for  the  embryologist  than 
the  anatomist. 

Of  the  twenty  pedigerous  segments,  the  first  eleven  have 
each  one  pair  of  appendages  ;  but,  behind  the  eleventh,  each 
segment  gives  attachment  to  a  gradually  increasing  number 
of  limbs,  so  that  the  twentieth  carries  live  or  six  pairs.  Alto- 
gether twenty-eight  pairs  of  appendages  are  attached  to  these 
nine  posterior  thoracic  segments  ;  these,  added  to  the  eleven 
preceding,  make  thirty -nine  appendages  in  all.  While  each 
of  the  anterior  eleven  segments  must  be  regarded  as  single 
somites,  the  nature  of  the  posterior  ones  is  open  to  doubt ; 
they  may  be  single  terga,  the  sterna  and  appendages  of  which 
have  multiplied;  or,  more  probably,  they  each  represent  a 
number  of  coalesced  terga. 

Each  appendage  consists  of  three  divisions — an  endopo- 
dite,  exopodite,  and  epipodite,  supported  on  a  protopodite 
or  basal  division  (Fig.  63,  2>,  E^  E).  The  latter  consists  of 
three  joints — ^a  coxopodite  produced  internally  into  a  strongly 
setose  prominence  (not  represented  in  the  figures),  a  basi- 
podite,  and  an  ischiopodite,  the  latter  elongated  internally 
into  a  lanceolate  process,  and  bearing  on  its  outer  side  two 
appendages,  of  which  the  proximal — ^the  epipodite  or  branchia 
(Fig.  63,  D,  JF,  7) — is  pyriform  and  vesicular  in  specimens 
preserved  in  spirit.  The  distal  appendage,  which  appears  to 
represent  the  exopodite  (6),  is  a  large  flat  plate,  provided 
with  long  setae  on  its  margin. 

The  endopodito  consists  of  four  joints,  the  two  proximal 
ones  being  much  the  longer,  and,  like  the  penultimate,  giving 
off  internally  a  long  process,  finally,  the  terminal  joint  is 
claw-like  and  serrated  on  its  concave  edge. 

The  average  form  of  these  appendages  is  represented  by 
{E)y  taken  from  the  middle  of  the  series ;  anteriorly  the  limbs 
become  more  slender  and  leg-like  (2>);  posteriorly,  on  the 
other  hand,  Jthey  are  completely  foliaceous,  as  (E) ;  but  the 
same  elements  are  recognizable  throughout. 

The  eleventh  pair  of  appendages  alone  depart,  in  any  im- 
portant respect,  from  the  rest  of  the  series,  each  of  these 
being  modified  so  as  to  serve  as  a  receptacle  for  the  ova, 
To  this  end  the  joints  of  the  endopodite  are  greatly  ex- 
panded, and  converted  into  a  hemispherical  bowl ;  the  exo- 
podite, metamorphosed  into  another  such  bowl,  shuts  down 
over  the  endopodite;   and   into  the  box   thus  formed  the 
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Tts.  m.^Anvi  i^acialti.—A,  LsleiBl  view,  vllh  the  ri«)it  Half  of  the  cinpAce  cat 
iwai.  B.  Dorsal  view,  C.  Anterior  part  or  ihe  bodj,  ventnl  lapecl.  0.  One  oT 
theanterinr,  S.one  of  the  middle,  nod  F.  one uf  the  porterior  llmbe.  without  their 
coiopodllee,  z,  conralqted  "^hell-i^land"  In  the  oarapace:  ii.  candal  flhiineitt; 
R,  tabrara.  1.  S.  S,  4.  Badopodlte.  A.  Biopodlte,  T.  Eplpodite  or  btandil*.  I', 
eje :  H',  aoteDDnle ;  tV'.  labmrn ;  V,  Yl'.  maiille. 
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ova  are  conducted  by  means  of  the  oviduct,  which  opens 
into  it. 

On  the  dorsal  surface  of  each  side  of  the  terminal  seg- 
ment of  the  body  there  is  a  tubercle  produced  into  five  spines 
anteriorly,  and  carrying,  posteriorly,  a  long  and  delicate  se- 
tigerous  filament  (Fig,  63,  -5,  g). 

The  alimentary  canal  of  Apvs  is  very  simple,  consisting 
of  a  vertically  ascending  oesophagus,  which  bends  back  into 
the  small  stomach,  situated  immediatelv  behind  the  com- 
pound  eyes,  in  the  middle  of  the  region  bounded  by  the  two 
transverse  furrows  on  the  dorsum  of  the  carapace ;  from  the 
hinder  end  of  the  stomach  the  straight  intestine  passes  back 
to  the  anus,  which  is  seated  beneath  the  terminal  segment. 
The  liver  consists  of  cseca,  which  branch  off  from  the  stomach 
and  lie  on  each  side  of  it,  in  the  head.  Zaddach  describes  a 
pair  of  glands  which  he  regards  as  salivary,  placed  above, 
and  opening  into,  the  stomach  itself,  like  the  salivary  glands 
of  the  Scorpion. 

The  heart  occupies  the  tergal  region  of  the  eleven  ante- 
rior thoracic  somites,  presenting  as  many  chambers,  with  lat- 
eral venous  apertures. 

The  nervous  system  consists  of  a  quadrate  cerebral  mass, 
placed  immediately  under  the  compound  eyes,  and  giving  off 
large  nerves  to  them  and  to  the  remains  of  the  single  eve  of 
the  larva,  which  lies  in  front  of  their  anterior  extremities. 
Commissures  pass  downward  and  backward  on  either  side  of 
the  oesophagus,  and  connect  the  cerebrum  with  a  chain  of 
numerous  ganglia  placed  on  the  median  line  of  the  ventral 
surface.  It  is  worthy  of  remark,  that  the  antennary  and 
antennulary  nerves  are  given  off  from  the  commissures,  far 
behind  the  chief  cerebral  mass. 

In  the  female,  the  ova  are  developed  in  the  caecal  branches 
of  two  long  tubes,  situated  one  on  each  side  of  the  body,  and 
opening,  as  above  described,  in  the  eleventh  pair  of  append- 
ages. Apus  usually  propagates  agamogenetically,  and  the 
examination  of  thousands  of  individuals,  extending  over  more 
than  thirty  years,  failed  to  reveal  to  Von  Siebold  the  ex- 
istence of  a  male  form.  In  1856,  however,  Kozubowski  *  dis- 
covered a  small  proportion  of  males  (16  in  160),  among  the 
specimens  taken  in  the  neighborhood  of  Cracow ;  and  near 
Rouen,  in  1863,  Sir  John  Lubbock  found  the  largest  pro- 

>  "Ueber  den  ni9imlicheii  Aptu  canerifarmis.^^    ("Arohiv  fur  Natursre- 
achichte,"  1857.) 
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portion  of  males  to  females  yet  known,  viz.,  33  in  72.  On 
the  other  hand,  between  1857  and  1869,  Von  Siebold  ex- 
amined many  thousands  of  specimens  of  the  Bavarian  Apua 
without  finding  a  single  male.' 

The  testis  is  similar  to  the  ovary  in  form,  and  its  duct 
opens  upon  the  eleventh  pair  of  appendages,  as  in  the  case  of 
that  of  the  female  organs.  The  spermatozoa  are  oval  and 
without  motion. 

The  young  Apus  {cancriformis),  when  just  hatched,  is  a 
Naupliua.  The  body  is  oval,  indistinctly  divided  into  a  few 
segments,  and  entirely  destitute  of  appendages,  except  a 
shorter  anterior,  uniramous,  and  a  longer  posterior,  biramous, 
pair  of  oar-like  organs,  situated  at  the  anterior  extremity,  on 
either  side  of  the  single  median  eye.  The  carapace  is  rudi- 
mentary, and  there  are  no  caudal  filaments.  The  little  ani- 
mal soon  casts  its  skin,  and  the  mandibles,  which  are  provided 
with  long  palps,  make  their  appearance.'  With  successive 
ecdyses,  the  larva  assumes  more  and  more  the  form  of  the 
adult,  and  acquires  the  pair  of  compound  eyes  ;  the  anterior 
pair  of  appendages  being  converted  into  the  antennules,  the 
posterior  pair  disappearing,  or  remaining  as  rudimentary  an- 
tennae, and  the  mandibular  palps  also  vanishing. 

Singular  and  highly  instructive  modifications  are  exhib- 
ited by  the  other  genera  of  the  JBranchiopoda^  such  as  Neba- 
lia^  J3ranchipus  {Cheirocephalus)^ Limnetis^  and  Daphnia. 

In  Daphnia  and  its  allies  (Fig.  64),  the  thoracic  members 
are  reduced  to  six,  five,  or  even  four  pairs,  some  or  all  of 
which  may  take  the  form  of  ordinary  limbs  ;  the  abdomen  is 
rudimentary  ;  the  heart  is  short ;  and  the  carapace  presents 
a  posterior  division  {omostegite)^  obviously  developed  from 
the  anterior  thoracic  somites,  the  lateral  halves  of  which  are 
deflexed  so  as  to  resemble  a  bivalve  shell,  into  which  the 
hinder  part  of  the  body  can  be  withdrawn.  The  anterior 
division  of  the  carapace  {cephalostegite)  in  Daphnia  has,  on 
the  contrary,  the  same  structure  as  the  corresponding  part  of 
the  carapace  of  Apus^  but  the  compound  eyes,  represented 
by  a  single  mass,  are  situated  at  the  anterior  extremity  of 
the  head,  rather  than  on  its  upper  surface,  and  the  single  eye 
is  quite  distinct,  and  far  posterior  to  them  (Fig.  64,  -B,  i', 
ii").    The  antennules  (Fig.  64,  A^  ii')  are  small,  rudimentary, 

»  "  Beitrd^e  zur  Parthenogenesis  der  Anbropoden,'*  1871.  It  appears  that, 
in  Apu8^  the  impregnated  ova  alone  give  rise  to  males. 

•  According  to  Olaus's  recent  investigations,  this  third  pair  of  appendages 
is  present  from  the  time  the  young  Apus  leaves  the  q^^. 
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and  placed  at  the  sides  of  the  produced  frontal  roetrum,  but 
the  antenuffi  are  very  large,  una  constitute  the  principal  loco- 


o.  ccpbKloetegite.  or  tbai  pail  of  tbe  carapace  which  coTers  the  heiri  ;  nu,  odiimt«- 

Sic.  or  ttaunclc  ponioD  tf  Ibe  carapace ;  e,  been :  il,  cervkil  deprcesion  ;  2^, 
aram  :  1'.  componnCI  eye:  II'.  plinplc  eye:  x.  the  "ahell^HaDd,"  ithlcb  npenii 
behind  the  maiLlH.  '^ 

motive  organs.  The  posterior,  or  second,  maxillfe  are  obso- 
lete. In  £/iiad»e,  Polyphemus,  Sida,  and  other  genera,  sucker- 
like organs  of  adhesion  are  situated  on  the  anterior  region 
of  the  carapace.  The  eggs  are  developed  in  the  cavity  of  the 
carapace,  and  the  embryos  pass  directly  into  the  form  of  the 
parent,  except  in  Leptodora,  where  they  are,  at  first,  NaupUua- 
like. 

Iiimnetis  and  E$theri<t  present  a  Daphnia-XAie  carapace, 
though  more  completely  bivalve,  combined  with  the  numer- 
ous segments  of  the  body  and  the  foliaceous  appendages  of 
the  typical  Phyllopods  (Fig.  65). 

JVebalia  has  a  large  carapace,  provided  with  a  movable 
rostrum,  like  that  of  Squilla,  and  arising  entirely  from  the 
bend,  which  is  remarkable  for  its  very  slight  sternal  flexure. 
In  this  genus  the  eyes  are  large  and  pedunculated  ;  there 
are  well-developed  antennules,  antennie,  mandibles,  and  two 
pairs  of  maxilla,  the  anterior  of  which  ends  in  a  long  palp. 

Branchipus,   finally,  develops  no  carapace  either   from 
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the  head  or  the  thorax,  the  aegments  of  the  latter  being  en- 
tirely free,  while  the  former  is  similar  in  shape  to  that  of  an 
Insect,  or  Edrioplitbalmous  Crustaooan,  and  carries  two  large 
stalked  eyes,  two  antennules  (singularly  modified  in  the 
male),  two  antenara,  a  pair  of  mandibles,  and  two  pairs  of 
mazillfe. 

In  Estheria  and  Ximnetis,  the  males  are  met  with  in  full 
proportion  to,  and  may  be  even  more  numeroua  than,  the 
females.  No  males  are  known  in  Limnadia  gigas,  although 
thousands  have  been  examined,  while,  in  L.  Stanleyana^ 
more  males  than  females  have  been  found.  In  Branckipus, 
males  are  fewer  than  females ;  in  Artemta,  they  occur  only 
at  rare  intervals.    In  Dapknia,  the  males  are  few,  and  appear 


Pie.  eii.—L{miuils  bran/ivia^  (ifter  Ornlje).— The  oppcr  left -hind  flpire  li  tha 
male,  the  other  ihe  fenmlr;  one  yalvoof  the  carapace  In  each  caee  tKloir  removed. 
.1'  Ant unn Dies,  j**,  Antenois.  ^,  ToanelBrvii,  B,  The  fame  farther  advanced. 
"^  .  .'."'^y^i '*-'^*"P»'^^i  ''■'""'.T--^ '-AiWooie.  JT,  Mandibles,  d'.gn't 
plate  (labrum  f)  which  covers  the  monih. 

only  at^  certain  seasons  of  the  year.  But  notwithstanding 
the  rarity  or  absence  of  the  males  in  many  of  these  genera, 
reproduction  proceeds  with  great  rapidity.  The  ova  are  capa- 
ble of  development  without  fecundation ;  and  isolated  females 
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of  the  genus  Daphnia  will  thus  go  on  producing  broods  for 
generation  after  generation,  without  any  known  limit.* 

Under  certain  circumstances,  however,  bodies  of  a  differ- 
ent nature  from  these  "  agamic  ova,"  as  they  have  been  well 
termed  by  Sir  John  Lubbock,*  are  developed  within  the 
ovary,  the  substance  of  which  acquires  an  accumulation  of 
strongly  refracting  granules  at  one  spot,,  and  forms  a  dark 
mass,  the  so-called  "  ephippial  ovum."  When  fully  formed, 
two  of  these  bodies  pass  into  the  dorsal  chamber  of  the  cara- 
pace, the  walls  of  which  have,  in  the  mean  time,  become 
altered.  The  outer  and  inner  layers  of  the  integument  ac- 
quire a  peculiar  structure,  a  brown  color,  and  a  more  firm 
consistency,  over  a  large,  saddle-like  area.  When  the  next 
moult  takes  place,  these  altered  portions  of  the  integument, 
constituting  the  "  ephippium,"  are  cast  off,  together  with  the 
rest  of  the  carapace,  which  soon  disappears,  and  then  the 
ephippium  is  left,  as  a  sort  of  double-walled  spring-box  (the 
spring  being  formed  by  the  original  dorsal  junction  of  the 
two  halves  of  the  carapace),  in  which  the  ephippial  ova  are 
inclosed.  The  ephippium  smks  to  the  bottom,  and,  sooner 
or  later,  its  contents  give  rise  to  young  Daphni€B, 

Jurine's  and  Sir  J.  Lubbock's  researches  have  proved  that 
the  development  of  the  ephippial  ova  may  commence  with- 
out the  influence  of  the  male,  and  they  seem  to  indicate  that 
these  ova  may  even  be  fully  formed  and  laid  ^vithout  the 
male  influence.  On  the  other  hand,  there  appears,  under  ordi- 
nary circumstances,  to  be  a  certain  relation  between  the  com- 
plete development  of  ephippial  ova  and  the  presence  of  males ; 
and,  as  yet,  no  ephippial  ova  produced  by  virgin  females  have 
been  directly  observed  to  produce  young.  The  quiestion, 
therefore,  seems  to  stand  thus,  at  present:  the  agamic  ova 
may  certainly  be  produced,  and  give  rise  to  embryos,  without 
impregnation ;  the  ephippial  ova  may  certainly  be  produced 
without  impregnation ;  but  whether  impregnation  is  or  is  not 
absolutely  necessary  for  their  further  development,  there  is, 
at  present,  no  evidence  to  show. 

The  great  majority  of  the  JSranchiopoda  inhabit  fresh 
waters.  Artemia^  however,  delights  in  brine-pools.  The 
genus  JEJstheria  is  of  Devonian  age,  and  it  seems  probable 

»  "TJeber  die  Gattungen  Estheria  und  Limnadia:^  ("  Archiv  f&r  Natur- 
geachiohte  "  1864.) 

»  "  An  Account  of  the  Two  Methods  of  Reproduction  in  Daphnia,  and  of  the 
Structure  of  the  Ephippium."    ("  Transactions  of  the  Royal  Society,"  1876.) 


THE  OSTRACODA.  251 

that  the  Silurian  Hymenocaris  and  its  allies  were  related  to 
Apu8. 

The  Ostracoda. — This  group  contains  several  genera  of 
both  recent  and  fossil  Crustacea^  for  the  most  part  of  very 
small  size,  and  distinguished  by  their  hard,  often  calcified, 
and  completely  bivalve  shell,  provided  with  a  distinct  hinge. 
The  valves  of  this  shell  consist  of  the  lateral  moieties  of  the 
carapace  ;  they  are  commonly  unequal  and  unsymmetrical, 
and  present  a  peculiar  ornamentation.  The  shell-gland  is 
very  small.  The  Ostracoda  are  also  remarkable  for  the  ex- 
tremely rudimental  condition  of  their  abdomen,  and  for  the 
paucity  of  their  thoracic  appendages,  which,  instead  of  being 
foliaceous,  are  strong  and  subcylindrical,  like  the  ambulatory 
legs  of  the  higher  Crustacea, 

The  cephalic  flexure  is  as  well  marked  as  in  the  highest 
Crustacea^  so  that  the  eye,  obscurely  divided,  and  median  in 
Cypris  (Fig.  66,  A)^  but  double  and  lateral  in  Cy there  {JB)y 
is  situated  in  the  upper  part  of  the  anterior  region  of  the  body. 
The  antennules  and  antennae,  attached  to  their  respective 
somites,  the  sterna  of  which  constitute  the  anterior  boundary 
of  the  body,  are  similar  in  form  and  function  to  ambulatory 
limbs.  The  ducts  of  a  peculiar  gland  open,  according  to 
Zenker,  at  the  end  of  the  strong  spine  with  which  the  an- 
tenna of  Cythere  is  provided.  The  labrum  is  conspicuous, 
and  the  mandibles  are  strong,  and  possess  a  well- developed 
palp.  The  first  maxilla  is  provided  with  a  large  foliaceous  se- 
tose appendage  (epipcdite  ?).  The  second  maxilla  in  Cythere 
is  represented  by  the  first  of  the  three  pairs  of  ambulatory 
limbs  (Fig.  66,  B^  e,  e,  e)  present  in  this  genus.  In  CypriSy 
which  possesses  a  second  pair  of  maxillae,  there  are  only  two 
pairs  of  ambulatory  limbs  (Fig.  66,  A,  p,  i.,  ii.).  The  aper- 
tures of  the  reproductive  organs,  provided  in  the  male  with  a 
wonderfully  complex,  horny,  copulatory  apparatus  (described 
with  great  minuteness  by  Zenker),  are  situated  between  the 
last  pair  of  thoracic  members  and  the  large  caudal  hooks. 

Strong  adductor  muscular  bundles  pass  from  one  valve  of 
the  carapace  to  the  other,  and  leave  impressions  discernible 
from  without,  the  form  and  arrangement  of  which  furnish 
valuable  systematic  characters. 

The  alimentarv  canal  of  the  Ostracoda  is  provided  ante- 
riorly with  an  apparatus  of  hard  parts,  resembling  in  many  re- 
spects the  gastric  armature  of  the  Isopoda^  and  gives  origin 
to  two  hepatic  caeca.     Cypris  and  Cythere  have  no  heart; 
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but,  in  Cypridina^  Gonchoecia^  and  Halqcryptis  there  is,  ac- 
cording to  Glaus,  a  short  saccular  heart  with  one  anterior  and 
two  lateral  apertures.  The  nervous  system  is  difficult  to  make 
out ;  but,  in  Cythere  lutea^  the  same  observer  found  a  large  cer- 
ebral ganglion  in  front  of  the  mouth,  whence  filaments  passed 
to  an  ophthalmic  ganglionic  mass,  and  to  the  antennary  or- 
gans. A  double  ganglion,  behind  the  mouth,  supplies  the 
gnathites  ;  three  ganglia,  situated  in  the  thorax,  send  fila- 
ments to  its  appendages,  and  a  terminal  ganglion  supplies  the 
caudal  appendage  and  genitalia.  In  the  female,  the  ovaries 
lie  in  the  valves  of  the  carapace,  and  terminate  in  oviducts 
which  open  by  distinct  apertures  in  front  of  the  caudal  ap- 
pendage.    Immediately  anterior  to  them  are  the  openings  of 


.  Fig.  66.— J..  Oypris.—A.  i.  ii.  Aatennules  and  Antennie.    M,  i.  n .  m.  ^Mandibles 

and  maxillsB.    P.  i.  ii.  Thoracic  members  ;  c,  caadal  extremity  ;  d,  mandibular 

palp ;  0,  eye.    B.  Maxillary  appendage. 
B.  Cfythere.—o,  eye ;  a,  antennule ;  6,  antenna  ;  c,  mandible ;  d,  first  maxilla ; 

e.,  «,  fl,  second  maxilla  and  two  thoracic  members ;  /,  caudal  extremity.    (After 

Zenker.)  ^ 

two  horny  canals,  called  vaginae  by  Zenker,  each  of  which  is 
continued  into  a  long  convoluted  transparent  tube,  and  event- 
ually terminates  in  a  large  vesicle,  the  spermatheca,  into 
which  the  spermatozoa  of  the  male  are  received. 

In  the  males,  the  antennae,  the  second  maxillae  or  some  of 
the  thoracic  limbs,  are  modified  in  such  a  manner  as  to  enable 
them  to  seize  and  hold  the  females.  The  testes  are  elongated 
09BCa  in  Cypris^  globular  vesicles  in  Cythere^  and  communi- 
cate with  a  long  vas  deferens,  which  opens  into  the  copula- 
tory  apparatus.  In  CypriSy  a  very  singular  cylindrical  mu- 
cous gland  is  connected  with  the  vas  deferens ";  but  perhaps 
the  most  remarkable  peculiarity  about  the  genital  apparatus 
in  the  male  consists  in  the  size  of  the  spermatozoa,  which  in 
Oypris  ovum  are,  according  to  Zenker,  more  than  three  times 
as  long  as  the  body.  They  possess  a  spirally-wound  coat,  and 
are  totally  deprived  of  mobility. 

»  '*  Monographie  der  Ostracoden."    ("  Arohiv  filr  Naturgeschiohto,"  1854.) 


THE  PECTOSTRAOA.  263 

The  Ostracoda  either  attach  their  eggs  to  aquatic  plants, 
or  carry  them  about  between  the  valves  of  the  carapace. 

Claus  *  hac  worked  out  the  development  of  Cypris^  which 
passes  through  nine  successive  stages,  distinguished  from  one 
another,  not  merely  by  the  shape  of  the  carapace,  but  by  the 
number  and  form  of  the  limbs.  An  ecdysis  of  the  chitinous 
cuticle  of  the  body  and  carapace  terminates  each  stage  of  de- 
velopment. When  the  Cypris  leaves  the  Qg^^  it  resembles  a 
NdupUuSy  in  possessing  a  single  median  eye  and  only  three 
pairs  of  limbs  (the  future  antennules,  antennae,  and  mandi- 
bles) ;  but  none  of  these  are  divided  into  two  branches.  The 
body  is  laterally  compressed  and  has  a  bivalve  carapace. 

The  changes  undergone  by  the  marine  Oatrdcoda  after 
they  leave  the  eg^  are  much  less  marked. 

Fossil  Oatracoda  abound  in  strata  of  all  ages,  from  the 
older  palaeozoic  formations  onward  ;  and,  so  far  as  the  char- 
acters of  the  carapace  furnish  evidence,  the  most  ancient 
forms  diflfered  very  little  from  those  which  now  exist. 

The  Pectostraca  (HMzocephala  and  Cirripedia)  leave 
the  egg  as  a  Nauplius^  provided  with  three  pairs  of  limb-like 
appendages,  of  which  the  anterior  pair  are  simple,  while  the 
two  posterior  pairs  are  bifurcated  (Fig.  68,  A),  An  addi- 
tional pair  of  filiform  appendages  subsequently  makes  its  ap- 
pearance in  front  of  the  undivided  pair  of  members,  in  most 
cases  ;  and  there  is  a  discoidal  carapace,  the  antero-lateral 
angles  of  which  usually  become  greatly  produced.  Subse- 
quently, the  carapace  becomes  bivalve  (as  in  many  PhyUo- 
poda^  and  in  the  Cladocera  and  Ostracoda),  and  the  anterior 
undivided  pair  of  limbs  are  converted  into  relatively  large, 
jointed  appendages,  provided  with  a  sucker-like  organ.  The 
thorax  grows  and  usually  develops  six  pairs  of  appendages. 

Finally,  the  bivalve-shelled  larva  fixing  itself  by  the 
suckers  of  its  anterior  limbs,  the  prae-oral  region  of  the  head 
becomes  enlarged,  and  is  converted  into  the  base,  or  pe- 
duncle, in  ordinary  Cirripedes;  while  it  gives  ofi^  the  root- 
like processes  which  grow  into  the  tissues  of  the  animals  on 
which  the  Rhizocephdla  are  parasitic.  The  Pectostraca  are 
almost  all  hermaphrodite,  a  condition  which  is  very  excep- 
tional among  Arthropods.     They  possess  no  heart. 

The  Cirripedia. — It  can  hardly  be  a  matter  of  reproach 

»  »*  Entwiokelungsgeschiohte  von  Cypris  "  (1868) ;  and  **  Grundztige," 
p.  487. 
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to  the  older  naturalists  if  they  failed  to  discover  the  ajQ&nity 
connecting  the  sedentary  "  Acom-shells "  of  a  rocky  coast 
with  the  active  Shore-crab  which  runs  among  them  ;  or  if 
they  classed  the  Barnacles  with  Molluacay  instead  of  admit- 
ting them  to  that  place  amid  the  Crustacea  which  is  now. 
assigned  to  them  by  every  naturalist  of  competent  judgment. 
Nothing,  in  fact,  at  first  sight,  is  less  suggestive  of  a  Crusta-  ( 

cean  than  a  Balanus^  or  a  Lepas  /  the  former  firmly  fixed  i 

by  the  base  of  its  multivalve  conical  shell,  the  latter  by  its  | 

fleshy  and  contractile  peduncle;  the  only  sign  of  life  in 
either  being  the  alternate  protrusion  and  retraction,  from  the 
valvular  opening  of  the  animal's  case,  of  a  bundle  of  curved 
filamentous  cirri,  which  sweep  with  a  brushing  motion  through 
the  water,  and  scoop  the  floating  nutritive  matters  toward  , 

the  mouth.  i 

The  valves  through  which  the  cirri  make  their  egress  are 
strengthened,  in  both  JBalanus  and  Xepas,  by  four  calcified 
pieces,  two  on  each  side ;  those  of  each  half  being  united  to- 
gether by  an  oblique  suture,  or  by  a  regular  articulation ; 
while  the  two  pieces  of  opposite  ,  sides  are  connected  only 
along  one  margin,  either  immediatel}'  (£alanus\  or  by  means 
of  an  intermediate  piece  (Ztepas), 

The  upper,  or  distal,  pieces  are  termed  the  terga,  the 
lower,  or  proximal,  pieces  the  scuta,  the  intermediate  piece  is 
the  carina.  In  LepaSy  there  are  no  other  hard  external 
pieces;  but,  in  JSalanus,  the  conical  shell,  into  which  the 
valves  can  be  more  or  less  completely  retracted,  is  composed 
of  six  portions  or  compartments.  Of  these,  one  is  situated 
on  the  same  side  as  the  opening  between  the  valves  and 
another  at  the  precisely  opposite  point,  or  on  the  same  side 
as  the  line  of  union  of  the  valves.  The  latter  is  the  homo- 
logue  of  the  intermediate  piece,  or  carina,  in  Lepas ;  the 
former,  in  Balanus,  consists  of  three  pieces  united  together, 
the  median  rostrum  and  the  two  rostro-lateral  compartments. 
On  each  side  of  the  carina  is  a  compartment  termed  carino- 
lateral,  and  between  them  and  the  complex  rostrum  lies  a 
lateral  compartment. 

If  the  shell  consisted  of  its  eight  typical  pieces  (as  it  does 
in  the  genus  Octomeris),  it  would  be  found  that  each  pre- 
sented a  triangular  free  middle  portion  and  two  lateral  wings. 
The  former  is  always  termed  the  paries,  but  the  latter  re- 
ceive difi^erent  names,  according  as  they  overlap  or  are  over- 
lapped by  others.  In  the  former  case,  they  are  termed  radii, 
in  the  latter,  aim.     Thus,  typically,  the  carinal  and  the  ros- 
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tral  compartments  are  overlapped  on  both  sides,  and  their 
wings  are  consequently  both  alae;  the  lateral  and  carino- 
lateral  compartments  are  overlapped  on  one  side,  and  overlap 
on  the  other,  hence  they  have  an  ala  on  one  side,  a  radius  on 
the  other ;  while  the  rostro-lateral  compartment  overlaps  on 
both  sides,  and  hence  its  wings  are  both  radii.  In  £aiamiay 
however,  the  rostrum  and  rostro-lateral  compartments  being 
replaced  by  a  single  compartment  formed  by  their  confluence, 
this  piece  has  radii  on  both  sides. 

Different  as  is  the  appearance  of  Lepas  from  that  of 
BalarvtAS^  they  closely  resemble  one  anotner  in  essential 
structure.  Thus,  to  commence  with  Lepas,  On  cutting  away 
the  scutum  and  tergum  of  one  side  (Fig.  67,  B)^  the  hinder 
part  of  the  body  of  the  animal  is  seen  within  the  sac  of  the 
capituluniy  formed  by  the  valves  of  the  shell,  to  which  it  is 
attached  only  on  the  rostral  side  and  inferiorly  by  a  com- 
paratively narrow  isthmus.  Immediately  behind  this  point 
the  body  widens,  to  constitute  what  Mr.  Darwin*  has  termed 
the  prosoma^  but  the  thoracic  segments,  which  succeed  the 
prosoma,  gradually  taper  posteriorly.  Six  pairs  of  appendages 
(a)  are  attached  to  the  thorax,  each  limb  consisting  of  a  basal 
joint  (protopodite),  terminated  by  two  long  multi-articulate 
cirri,  the  representatives  of  the  endopodite  and  exopodite  ; 
and  a  rudimentary  abdominal  segment,  terminated  by  two 
short  caudal  appendages,  succeeds  the  thorax,  and  is  pro- 
duced in  a  long  setosa  annulated  penis  (/*).  Filamentous 
appendages  depend  from  some  of  the  thoracic  somites,  and, 
projecting  from  the  inner  wall  of  the  sac  on  each  side,  is  a 
triangular  process,  the  ovigerous  frmnum  (m). 

The  mouth  is  situated  at  the  posterior  part  of  a  protuber- 
ant mass,  seated  on  the  rostral  face  of  the  prosoma.  This  is 
principally  composed  of  a  large,  buUate  labrum,  behind  which 
are  a  pair  of  mandibles  with  large  and  setose  palps,  and  two 
pairs  of  maxillae.  Anteriorly,  the  prosoma  passes  by  a  nar- 
row isthmus  into  the  rostral  part  of  the  peduncle,  into  which 
it,  as  it  were,  expands  ;  while  the  posterior  margins  of  the 
j)eduncle  become  continuous  with  the  walls  of  the  sac. 

The  extremity  of  the  peduncle  is  fixed  by  a  peculiar 
cementing  substance  to  the  body  to  which  the  Lepas  ad- 
heres ;  but,  if  it  be  carefully  detached,  there  will  be  found 
connected  with  the  rostral  portion  of  the  surface  a  pair  of 
very  minute,  singular-looking,  organs,  consisting  of  two  proxi- 

>  "  Monograph  of  the  Cirripedia,"  1851, 1854. 
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tnal  joints,  eucceeded  by  ao  articulation  which  is  dilated  into 
a  suoker,  and  terminated  hy  an  elongated  setose  joint  (Fig. 
67,  A,  Jti,  I).  These  are  the  remains  of  the  anterior  append- 
ages of  the  larva. 

From  what  has  been  said,  it  follows  that  the  fixed  end  of 
the  peducle  is,  in  fact,  the  anterior  extremity  of  the  body 
of  the  Lepas,  and  that  a  Barnacle  may  be  said  to  be  a  Crus- 
tacean fixed  b  j  its  head,  and  kicking  the  food  into  its  moutb 
with  its  legs. 


Fis.  AT,— ^.IHRf^mmitli^BMtlfln  ol Si^imiu  ;  B.ot  Ltfia».—a  ie  placed  In  the  enrltr 
of  the  »c  Bnd  llee  nver  the  labram  ;  b,  proeomR  ;  e,  caHD>:  e,  I.  carlnn-latenl 
compartni«Iit;  I,  lateral  cninpqrtment ;  r.  roetniTn;  /.  Ernlnm;  t.  tergnm;/,  uenli: 
IT.  enl-formeil  icland ;  h.  dact  conpecllns  [h)ii  wllb  f ,  k.  cemenl-diicl  and  flands; 
^,  SDtenne:  1,  peduncular  or  oTaniu]  tnSnlei;  m,  DTlgeronBriwnnni:  d,  anus. 

The  mouth  of  Li'paa  looks  towarH  the  posterior  extremity 
of  the  body,  and  leads  into  a  tubular  resophapus,  which 
passes  forward,  and  oppna  by  a  wide  superior  extremity  into 
the  ^lobular  stomach.  From  this  point,  the  alimentary  canal 
bends  back  upon  itself,  and  gradually  narrows  into  the  in- 
testine, whicli  terminates  in  the  anus,  situated  at  the  ex- 
tremity of  the  abdomen,  on  the  terffnl  side  of  the  penis. 
Two  considerable  branched  cseca,  probably  hepatic,  proceed 
a«  diverticula  from  the  stomach,  corresponding  very  closely 
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in  position  with  those  of  Daphnia,  No  heart  or  other  cir- 
culatory organs  are  known  to  exist ;  and  it  may  be  doubted 
if  the  ovigerous  fraena  of  Lepas  exert,  as  they  have  been  sup- 
posed to  do,  a  branchial  function.  . 

The  nervous  system  consists  of  a  pair  of  cerebral  ganglia 
situated  in  front  of  the  oesophagus,  and  connected  by  long 
commissures  with  the  anterior  of  five  pairs  of  thoracic  gan* 
glia,  whence  nerves  are  given  off  to  the  limbs.  In  the  mid- 
dle line  the  cerebral  ganglion  gives  off  two  slender  nerves, 
which  run  parallel  with  one  another  in  front  of  the  stomach 
and  enlarge  into  two  ganglia,  whence  they  are  continued  to 
a  double  mass  of  pigment,  representing  the  eyes.  From  the 
outer  angles  of  the  cerebral  ganglion  arise  the  large  nerves 
which  proceed  into  the  peduncle  and  supply  the  sac.  These 
appear  to  correspond  with  the  antennary  and  frontal  nerves 
of  other  Crustacea  ^  and  Mr.  Darwin  describes  an  extensive 
system  of  splanchnic  nerves. 

LepaSy  like  the  majority  of  the  Cirripedia,  is  hermaphro- 
dite. The  vesiculae  seminales  are  readily  seen  in  fresh  speci- 
mens, as  white  cords  distended  with  spermatozoa,  which  run 
from  the  canal  of  the  penis,  into  which  they  open,  forward, 
on  each  side  of  the  body,  to  the  prosoma,  where  they  end  in 
dilated  extremities,  which  are  connected  with  a  multitude  of 
ramified  cseca  forming  the  proper  testis.  * 

The  ovaries  are  ramified  tubes  provided  with  caecal  dila- 
tations, and  lodged  in  the  peduncle.  The  oviducts  pass  into 
the  body,  and,  according  to  Krohn,  terminate  in  apertures 
situated  on  the  basal  joint  of  the  first  pair  of  cirri.*  Two 
"  gut-formed  "  glands,  as  they  are  termed  by  Darwin,  lie, 
one  on  each  side  of  the  stomach,  and  are  probably  accessory 
glands  of  the  reproductive  organs,  analogous  to  those  which 
secrete  the  walls  of  the  ovisac  in  the  Copepoda. 

The  mode  of  exit  of  the  ova  from  the  ovary  is  not  cer- 
tainly known,  nor  is  the  place  of  their  impregnation  ascer- 
tained ;  but  they  are  eventually  found  cemented  together  by 
chitin  into  large  lamellae,  which  adhere  to  the  ovigerous 
fraena,  and,  ordinarily,  at  once  strike  the  eye  when  the  ca- 
pitulum  of  a  Cirripede  is  opened. 

Yelk  division  is  complete,  and  the  embryo  attains  to  its 
earliest  larval  condition  within  the  egg.  If  a  series  of  the 
fresh  ovigerous  lamellae  be  taken  and  pulled  to  pieces  with 

>  The  position  of  these  apertures  corresponds  with  that  of  the  openings, 
supposed  to  appertain  to  the  shell-glands  in  Limnadia  and  Apw. 
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needles  in  a  watch-glass  full  of  sea-water,  one  is  pretty  sure 
to  be  found  whence  a  number  of  active  little  ^auplius-Uke 
animalcules  are  set  free  (Fig.  68,  A).     Each  presents  a  some- 


Fio.  68.—^.  Lftrra  of  Balamu  balanoides  on  leavinjr  the  egg  (after  Spence^Bate). 
B.  Attached  papa  of  Lt^aiaa  Australis  (after  Darwin) :  n,  antennary  apodemes ;  <, 
gut-formed  gland,  with  cement-duct  running  to  the  antenna. 

what  triangular  body,  produced  in  the  middle  line  posteriorly 
and  at  its  anterior  lateral  angles.  The  mouth  is  situated  on 
a  proboscidiform  projection  placed  nearly  in  the  centre  of 
the  body,  and  in  the  midst  of  three  pairs  of  natatory  limbs, 
of  which  the  two  posterior  pairs  have  bifid  extremities.  In 
front  of  the  mouth,  either  in  this  stage,  or  after  one  or  two 
moultings,  two  filaments  are  often  developed.  A  single  eye- 
spot  is  situated  in  front  of  the  bases  of  the  anterior  append- 
ages. After  moulting  several  times  the  larva  assumes  a 
new  form,  passing  into  its  second  stage.  The  carapace  is 
now  oval  and  compressed,  so  as  more  nearly  to  resemble  that 
of  a  Daphnia  or  Oypris.  There  are  two  eyes.  The  first 
pair  of  swimming  appendages  of  the  NaupliuB  are  converted 
into  antenniform  organs,  each  provided  with  a  sucker,  and 
the  rudiments  of  the  six  pairs  of  cirri  make  their  appearance 
behind  the  mouth.* 

In  the  third  stage,  the  larva  is,  as  Mr.  Darwin  states, 
*'  much  compressed,  nearly  of  the  shape  of  a  Cypris  or  mus- 
cle-shell, with  the  anterior  end  the  thickest,  the  sternal  sur- 
face nearly  or  quite  straight,  and  the  dorsal  arched.  Almost 
the  whole  of  what  is  externally  visible  consists  of  the  cara- 

>  According  to  Claus  (**  Grundzage  der  Zoolo^ie,"  3te  Auflage,  p.  460),  tlie 
second  pair  of  appendages  disappears,  and  the  third  gives  rise  to  the  mandi- 
bles, in  this  case  the  antennary  organs  represent  antennules,  and  the  limbs 
of  the  Cirripede  Nauplius  correspond  with  those  of  the  Copepod  and  Branohi- 
opod  NaupUuB, 
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pace ;  for  tlie  thorax  and  limbs  are  hidden  and  inclosed  by  its 
backward  prolongation ;  and,  even  at  the  anterior  end  of  the 
animal,  the  narrow  sternal  surface  can  be  drawn  up,  so  as  to 
be  likewise  inclosed."  The  larva,  in  this  stage,  is  provided 
with  two  large  compound  lateral  eyes,  while  the  median  eye 
is  arrested  in  its  development.  The  oral  tubercle  exhibits  all 
the  gnathites  of  a  Cirripede,  but  they  are  covered  by  an  imper- 
forate integument,  so  that  this  "locomotive  pupa,"  as  Mr. 
Darwin  terms  it,  is  unable  to  feed.  There  are  six  pairs  of 
legs,  and  the  thorax  ends  in  an  abdomen,  consisting  of  three 
somites  terminated  by  two  caudal  appendages.  There  is  no 
penis.  The  most  remarkable  structures  in  the  pupa,  however, 
are  the  "gut-formed  glands,"  which  are  already  well  devel- 
oped, and  from  which  the  cement  ducts  can  be  traced  to  the 
disks  of  the  antenniform  organs,  on  the  faces  of  which  they 
open.  The  pupa,  after  swiniming  about  for  a  while,  at  length 
selects  its  permanent  resting-place,  to  which  it  adheres,  at 
first,  only  by  the  action  of  the  suctorial  disks.  The  tempo- 
rary attachment,  however,  is  speedily  converted  into  a  per- 
sistent one,  the  cement  pouring  out  from  its  excretory  aper- 
tures on  the  disks,  and  firmly  gluing  them  and  the  anterior 
end  of  the  body  down  to  the  surface  on  which  they  rest. 

Coincidently  with  these  changes,  several  otlier  important 
alterations  take  place,  during  the  passage  of  the  Ipcomotive 
pupa  into  the  fixed  young  Cirripede.  The  compound  eyes  are 
moulted,  and  with  them  the  antennary  apodemes,  furnished 
by  the  integument  of  the  deep  fold  which  separates  that  part 
of  the  body  of  the  pupa  which  corresponds  with  the  beak  of  a 
Daphnia^  or  of  a  IJimnetis^  from  the  prosoma.  The  fold  is 
thus  enabled  to  straighten  itself;  and,  as  a  consequence,  the 
carapace  of  the  Cirripede,  instead  of  remaining  more  or  less 
parallel  with  the  surface  of  attachment,  becomes  perpendicu- 
lar to  it.  Again,  in  the  pupa,  the  axis  of  the  carapace  and 
that  of  the  body  are  identical  in  direction ;  but,  during  the 
last  moult,  the  chamber  of  the  carapace  extends  forward  far 
more  on  the  tergal  than  on  the  sternal  side,  separating  the 
tergal  part  of  the  prosoma  from  the  "  beak,"  with  which  it 
was  at  first  continuous,  and  thus  allowing  the  body  of  the 
Cirripede  to  take  its  final  position,  which  is  nearly  transverse 
to  the  axis  of  the  carapace. 

The  terga  and  scuta  now  appear  as  horny  thickenings, 
and,  afterward,  as  calcifications  in  the  wall  of  the  capitulum. 
The  frasna  and  the  penis  make  their  appearance,  and  the 
genitalia  become  developed  in  the  prosoma  and  in  the  pe- 
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duncle,  which  is  produced  by  the  gradual  elongation  of  the 
"  beak  "  of  the  pupa. 

With  the  assumption  of  its  perfect  form,  the  Cirripede 
ceases  to  moult  its  carapace,  ecdysis  being  hereafter  confined 
to  the  inner  lining  of  the  sac,  and  to  the  integument  of  the 
contained  body. 

Such  is  the  structure  and  development  of  a  typical  pedun- 
culate Cirripede.  In  other  genera,  such  as  JPoUicipes,  calca- 
reous plates  are  developed  on  the  peduncle,  foreshadowing 
the  compartments  of  the  sessile  forms.  The  latter,  of  which 
Salanus  may  be  regarded  as  the  type,  differ  in  structure  from 
Lepas  in  no  very  essential  particular.  The  peduncle,  very 
short  and  broad,  instead  of  slender  and  elongated,  is  incased 
by  its  compartments,  and  is  sometimes  fixed  by  a  shelly  basis. 
The  arrangement  of  the  layers  of  cement  is  often  extremely 
complicated;  the  scuta  and  terga  are  articulated  together; 
the  f raena  are  much  larger,  organs,  and  posssibly  subserve  the 
respiratory  function ;  the  thoracic  ganglia  are  concentrated 
into  a  single  mass ;  and  the  cementing  apparatus  is  much 
more  complicated. 

The  pedunculate  and  sessile  Cirripedia^  taken  together, 
constitute  by  far  the  largest  of  the  three  great  groups  which 
Mr.  Darwin  recognizes  ;  namely,  the  Thoracica^  characterized 
by  having  limbs  attached  to  the  thoracic  somites,  while  the 
abdomen  is  rudimentary. 

The  second  group,  the  Abdotninalia,  contains  only  one 
genus,  Cryptophialvs  (Fig.  69,  5,  6),  which  has  no  thoracic 
limbs,  but  is  provided  with  three  pairs  of  abdominal  append- 
ages. The  larva  is  very  imperfect  in  its  first  and  second 
changes,  which  are  undergone  within  the  sac  of  the  parent. 

The  third  group,  Apoda^  likewise  contains  only  one 
genus,  the  remarkable  Proteolepas  (Fig.  69,  7),  which  is 
devoid  of  either  thoracic  or  abdominal  limbs  ;  it  has  a  vermi- 
form body,  and  a  rudimentary  peduncle,  represented  by  two 
threads  terminated  by  the  characteristic  antenniform  organs. 

In  the  great  majority  of  the  Cirripedia  the  sexual  appa- 
ratus is  disposed  as  in  Lepas^  but  Cryptophialus  and  Alcippe 
are  unisexual,  the  male  differing  very  widely  in  form  and  size 
from  the  female  (Fig.  69,  3,  6). 

The  Balanidae^  or  sessile  Cirripedes,  all  present  the  nor- 
mal sexual  relations  ;  but  the  other  division  of  the  Thoracica^ 
the  Lepadidoe^  contains  two  genera,  Ihla  and  ScalpeUum^ 
which  not  only  possess  species  having  the  sexes  in  distinct 
individuals,  but  others  presenting  the  unique  combination  of 
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males  with  hermaphrodites.  Thus,  SccUpellum  vulgare  is 
hermaphrodite,  possessing  well-developed  male  and  female 
organs.  Nevertheless,  on  the  inner  side  of  the  occludent 
margin  of  its  scutum  there  is  a  fold,  over  which  and  imbed- 
ded in  the  spinose  chitinous  border  of  the  scutum,  a  minute, 
oval,  sac-like  creature  is  commonly  found,  firmly  attached  by 


Fig.  09.— 1.  Atcippe  lamwu;  female.  2.  The  same  In  eiectional  view:  i7.  Horny 
disk  of  attachment ;  in  1,  the  males  are  visible  as  dark  specks  on  either  Bide  of 
the  upper  part  of  the  sac ;  c,  ovary;  A,  flrst  pair  of  cirri ;  A,  /,  n,  three  eeff- 
ments  of  the  thorax  without  cirri ;  the  other  three  segments,  bearing  the  three 
pairs  of  terminal  cirri,  are  very  short.  8.  Male  Alcippe :  a,  antennary  append- 
ages ;  &,  vesicula  seminalis  ;  o,  eye ;  d,  testis ;  k,  orifice  of  the  sac :  m.  pe- 
nis. 4.  Barrow  of  AMppe  in  a  portion  of  a  Fusus  shell.  6.  OryptophiMUS 
mimttus  (female)  with  the  outer  integument  removed :  «,  labrum ;  /,  palpi ;  g^ 
outer  maxiilsB ;  h,  radimentAry  maxillipede;  c^  wall  of  sac  continued  above 
into  the  rim  of  the  aperture  a,  b;  I,  m,  abdominal  cirri ;  k,  appendages  of  un- 
known nature.  6.  Male  Cryptaphialw.  7.  Proteolenas  Mvincta :  m,  month ;  g^  A, 
peduncle  and  antenna ;  i^k^  vesicula  seminalis  and  penis.    (After  Darwin.) 

cement  which  covers  the  characteristic  antennules  of  a  Cir- 
rip>ede.  Within  the  sac  is  a  thorax,  with  four  pairs  of  rudi- 
mentary appendages  terminated  by  a  short  abdomen.  There 
is  neither  mouth,  alimentary  canal,  nor  gnathites,  the  cavity 
of  the  body  being  principally  occupied  by  a  great  seminal 
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veBicle ;  and  no  trace  of  female  organs  exists.  This  is,  there- 
fore, an  accessory,  or  "  complemental "  male.  In  Scalpellutn, 
ornatum  the  individuals  are  males  and  females,  two  of  the 
former  being  lodged  in  cavities  of  the  scuta  of  one  of  the 
latter,  as  in  the  preceding  species,  and  in  S.  rutilum.  The 
males  have  no  mouth.  S.  rovtratum  has  complemental  males, 
provided  with  alimentary  organs  attached  to  the  interior  of 
the  sac  of  the  hermaphrodite,  while  S.  Peronii  and  viUosum 
have  still  more  perfect  complemental  males  fixed  in  a  like 
position.  In  iMa  Cumtngii,  the  female  has  a  vermiform 
male,  provided  with  well-developed  alimentary  organs  at- 
tached within  her  sac  ;  but,  in  the  only  other  species  of  this 
genus,  Z  qiiodrivalvis,  a  similarly  constructed,  but  here  only 
complemental  male,  is  lodged  in  a  relatively  large  hermaph- 
rodite form. 

With  regard  to  the  habits  of  the  Cirripedia,  the  majority 
are  merely  cemented  to  foreign  bodies.  Anelasma  and  Ihibi- 
einella,  however,  partially  bury  themselves  in  the  integuments 
of  the  shark  and  whale,  and  thus  prepare  us  for  the  com- 
pletely boring  habit  of  Cryptophialus  Idthotrya,  and  Aldj^te, 
the  latter  of  which  (Fig.  69,  1,  3,  3)  burrows  in  dead  shells 
on  our  own  coasts. 

I^oteolepas  lives  within  the  sac  of  Altpas  comtita,  and 


Pio- TO.— :1.  Xaupllut-eiKeotSaeeailnam,,, ^„, ^ 

S.Cvprit-aas'iorl^riiaodlxiapor^iilana.   C. A(loUconiltlo^of^Wtoffo»to■tlfflp«^.• 
a.    Hntarior  end  ot  the  bod^;  A,  Hpertnre  i  c,  root-like  proceueB.    (An«r  F. 

appears  to  be  truly  parasitic  upon  it,  sucking  the  nutritive 
juices  from  the  soft  proaoma  of  the  animal  which  it  infests. 
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The  Cirripedia  are  almost  exclusively  marine,  only  a  few 
species  tolerating  even  brackish  water.  The  Thoracica  alone 
have  yet  been  found  in  the  fossil  state.  The  oldest  known 
genus,  JPoUicfpes^  occurs  in  the  lower  oOlite  ;  there  is  a  single 
cretaceous  species  of  Verruca^  but  the  sessile  Cirripedes  be- 
come numerous  only  in  the  tertiary  epoch. 

The  Rhizocefhala  {Pettogaster^  Saccidina)  are  small  and 
parasitic ;  usually  upon  the  abdomen  of  other  Crustacea 
{Podophthalmia),  The  body  is  like  a  sac  or  disk,  and  devoid 
of  segmentation  and  of  limbs.  Ihe  aperture  of  the  sac  is 
funnel-shaped,  and  supported  by  a  ring  of  chitin.  The  circum- 
ference of  the  funnel  gives  off  a  number  of  root-like  processes, 
which  branch  out  through  the  body  of  the  infested  animal. 
The  alimentary  canal  is  obsolete,  and  there  are  no  cement- 
glands.  They  are  hermaphrodite,  and  the  young,  like  those 
of  the  other  Pectostracay  pass  through  a  Naupliua  and  a 
Cypria  stage.* 

The  Malacostraca. — ^The  groups  of  Crustacea  known  as 
the  Podophtha^miGy  the  Cumaceay  the  JEdriophthalmiay  and 
the  Stomatopoday  are  here  included  under  this  head. 

The  body  consists  of  twenty  somites  (counting  that  which 
bears  the  eyes  as  one),  and,  of  these,  six  (bearing  the  eyes, 
antennules,  antennae,  mandibles,  and  two  pairs  of  maxillae) 
constitute  the  head;  eight  enter  into  the  thorax,  and  bear 
the  foot-jaws  and  ambulatory  limbs  ;  and  six  form  the  abdo- 
men and  swimming  limbs.  In  some  few  instances  the  num- 
ber of  somites  is  reduced,  but  they  never  exceed  twenty. 

The  Nauplius-iorm  of  the  free  embryo  is  rare,  but  occurs 
in  some  cases  (Peneus).  In  others  {Mysis)  it  is  represented 
only  by  a  temporary  condition  of  the  embryo,  during  which, 
however,  a  chitinous  cuticula  is  formed,  and  subsequently 
shed  ;  and  what  appear  to  be  remains  of  such  a  transitory 
record  of  an  original  Nauplius  state,  are  seen  in  many  Am- 
phipoda  and  Isopoda^  which  nearly  attain  their  adult  form 
within  the  ^^^*  In  most  Podophthcdmia  the  embryo  leaves 
the  Q%^  not  as  a  NaupliuSy  but  as  a  ZocBa^  which  has  thora- 
cic, but  no  abdominal,  appendages,  and  in  many  respects  re- 
sembles a  Copepod. 

*  The  term  Oypris-Bt&ge^  usually  applied  to  that  condition  of  the  larvse  of 
the  Pectottraea  in  which  they  are  provided  with  a  bivalve  carapace,  muet  not 
be  taken  to  imply  any  special  affinity  with  the  Odracoda,  On  the  contrary, 
the  larva  in  the  C^jpm-stage  is  much  more  similar  to  a  Copepod  or  Branohi- 
opod. 
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The  Cumacea  take  an  intermediate  position  between  the 
Podophthalmia  and  the  Edriophthalmia  on  the  one  hand, 
and  the  Phyllopoda  (Nebalia)  on  the  other.  They  thus  serve 
to  connect  the  Malacostraca  with  the  JSntomoatraca. 

The  Podophthalmia- — It  will  be  convenient  to  commence 
the  study  of  the  Malacostraca  with  the  Podophthalmia  ;  and 
as  excellent  examples  of  this  division  of  convenient  size  are 
readily  obtainable  in  the  fresh-water  Crayfish  (A.%tacu%  fluvi- 
atilis)  and  the  Lobster  {Homarus  vulgaris),  and  as  they  fur- 
nish a  very  intelligible  guide  to  the  general  plan  of  structure 
of  the  higher  Arthropoda,  the  organization  of  Astacus  will 
be  described  at  length.  With  some  unimportant  modifi- 
cations, what  is  said  about  it  will  be  found  to  apply  to  the 
Lobster. 

The  upper  and  anterior  portion  of  the  dense  and  more  or 
less  calcified  exoskeleton  which  covers  the  body  of  Asta^uSy 
has  the  form  of  a  large,  expanded,  shield-like  plate,  the  cara- 
pace, produced  into  a  strong  frontal  spine  between  the  eyes, 
and  bent  down  at  the  sidss,  so  as  to  reach  the  bases  of  the 
legs.  The  posterior  division  of  the  body,  on  the  other  hand, 
presents  a  very  different  aspect,  being  divided  into  a  series  of 
distinct  movable  somites.  This  is  called  the  abdomen  ;  while 
the  anterior  division,  covered  by  the  carapace,  corresponds 
with  the  head  and  thorax  of  other  Arthropoda,  and  receives 
the  name  of  cephalo-thorax. 

On  turning  to  the  ventral  surface  of  the  Crayfish,  a  great 
number  of  limbs  or  appendages,  twenty  pairs  in  all,  are  seen 
to  be  attached  to  the  cephalo-thorax  and  abdomen,  six  paira 
belonging  to  the  latter  and  fourteen  pairs  to  the  former  re- 
gion of  the  body. 

The  six  pairs  of  abdominal  appendages  are  commonly 
known  as  the  "  false  "  or  "  swimming  "  feet ;  and  it  will  be 
observed  that  they  are  attached  to  the  six  anterior  segments 
of  the  abdomen  only,  the  seventh  being  unprovided  with  any 
such  organs.  Of  the  fourteen  pairs  of  cephalo-thoracic  ap- 
pendages, the  five  posterior  are  called  the  "  ambulatory  "  legs, 
being  the  organs  by  which  the  Crayfish  is  enabled  to  walk. 
Strictly  speaking,  however,  the  anterior  of  the  five  pairs  is 
not  more  ambulatory  than  prehensile,  being  so  modified  as  to 
constitute  the  great  claws,  or  "  chelas." 

Of  the  six  next  pairs  of  appendages,  passing  from  behind 
forward,  five  are  not  at  first  sight  apparent,  the  posterior 
pair,  which  are  applied  over  the  mouth  and  cover  the  othersj^ 
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being  alone  visible.  These,  and  the  two  pairs  which  lie  im- 
mediately under  or  in  front  of  them,  are  called  mdxillipedeSy 
or  "foot-jaws."  The  next  two  pairs,  delicate  and  foliaceous, 
are  the  maxillae  ;  while  beneath  or  rather  in  front  of  them 
are  two  strong,  tootlied  organs,  the  mandibles.  These,  the 
maxillae  and  the  maxillipedes,  thus  constitute  six  pairs  of 
gnathites. 

The  remaining  three  pairs  of  appendages  occupy  the  sides 
of  the  forepart  of  the  cephalo-thorax,  in  front  of  the  moulh. 
The  most  posterior  pair,  or  the  long  feelers,  are  the  antennae; 
the  next,  or  the  short  feelers,  are  the  antennulae;  while  the 
most  anterior  pair  are  the  movable  stalks,  which  support  the 
eyes  upon  their  extremities — the  "  ophthalmic  peduncles,"  or 
"  ophthal  mites." 

To  arrive  at  an  understanding  of  the  composition  of  this 
complex  body  with  its  multiform  appendages,  we  must  first 
detach  and  study  carefully  one  of  the  abdominal  segments — 
say  the  third.  Such  a  segment  is  nearly  semi-circular  in  ver- 
tical section,  the  dorsal  wall,  or  tergum,  being  very  convex, 
and  where  it  reaches  the  level  of  the  almost  straight  ventral 
wall,  or  sternum,  sending  down  a  flattened  lobe,  which  is  re- 
flected at  its  free  edges  into  a  corresponding  prolongation  of 
the  ventral  wall,  so  that  each  infero-lateral  angle  of  the  seg- 
ment is  prolonged  into  a  hollow  process,  the  pleuron.  Near 
the  outer  extremities  of  the  straight  ventral  portion  of  the 
segment  two  rounded  articular  cavities,  which  receive  the 
basal  joints  of  the  appendages,  are  situated.  A  transverse 
groove  will  be  seen  on  the  tergum,  separating  rather  more 
than  the  anterior  third  of  its  surface,  as  a  smooth,  convex, 
lenticular  facet,  which  is  completely  overlapped  by  the  pos- 
terior margin  of  the  preceding  segment,  when  the  abdomen 
is  extended,  and  is  left  uncovered  only  in  complete  flexion. 
This  is  the  tergal  facet.  A  corresponding  flattened  and  rath- 
er excavated  surface  upon  the  anterior  half  of  the  pleuron, 
which  is  similarly  overlapped  by  the  preceding  pleuron,  and 
is  left  uncovered  only  in  complete  extension,  may  be  termed 
the  pleural  facet.  It  will  be  observed  that  there  is  a  close 
correspondence  between  the  skeleton  of  an  abdominal  somite 
of  a  Cray-fish,  and  that  of  a  thoracic  somite  of  a  Trilobite  ; 
except  that,  in  the  latter,  the  sternal  region  is  not  calcified. 

The  appendages  of  the  segment  (Fig.  71,  K)  are  very  sim- 
ple, consisting  of  a  cylindrical  basal  portion,  divided  into  two 
joints,  a  shorter  proximal,  and  a  longer  distal,  to  the  latter  of 
which  two  terminal  many- jointed  filaments  are  articulated, 
12 
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Fie.  71. -^ Agiaeus  fluviatUig.  A.  Mandible:  a,  b,  endopodfte  ;  o,  Its  termlnul  Joints 
coiiBtitattQg  the  palpns  of  the  mandible.  B.  First  maxilla.  C.  Second  max- 
illa. I>.  First  maxillipede.  B,  Second  maxillipede.  F.  Third  raaxillipede.  All 
the  precedinSf  except  B,  are  left  limbs.  &.  AmbniatOij  leg.  H.  Appendage  of 
first,  and  /  or  second,  abdominal  somite  in  the  male.  K.  Appendage  of  thira  ab- 
dominal somite.  L.  Sixth  abdominal  somite,  with  its  appendages  and  telson : 
a,  d,  endopodite ;  r,  exopodite ;  d^  epipodite ;  «,  setaceous  filaments  attached  to 
coxopodite  ;  x^  tergam  of  sixth  abdominal  somite ;  y,  s,  the  two  divisions  of  the 
telsoii.  In  G :  2,  basipodite  ;  3,  ischiopodite ;  4,  meropodite  ;  5,  carpopodite ; 
6,  propodite ;  7,  dactylopodite.  In  ^,  of  marks  the  tendon  of  the  adductor  muscle, 
and  in  K  the  joints  of  a  b  and  e  are  not  sufficiently  numerous.  M.  Transverse 
section  of  half  a  thoracic  somite  (a) :  6,  coxopodite :  <;,  basipodite ;  cf,  ischiopo- 
dite :  A,  branchiferoas  epipodite  ;  /,  g.  branchiae ;  ^,  filiform  appendage.  N.  One 
of  the  branchiferous  cpipodites  :  a,  its  point  of  attachment ;  d,  basal  enlarge- 
ment ;  c,  branchial  filaments ;  «f,  terminal  lobes. 

The  inner  of  these  is  disting-uished  from  the  outer  by  possess- 
ing a  more  elongated  and  wider  basal  joint.-  The  whole  basal 
division  of  the  appendages  is  the  protopodite;  while  the  in- 
ternal and  external  terminal  filaments  are  the  endopodite 
(a,  h)  and  exopodite  (c). 

An  abdominal  segment,  or  somite,  then,  is  composed  of  a 
tergum,  two  pleura,  and  a  sternum  ;  but  it  must  be  remem- 
bered that  these  terms  rather  indicate  regions  than  anatomi- 
cal elements,  the  whole  segment  being  continuously  calcified, 
and  no  sutures  or  other  absolute  demarcations  separating 
one  portion  from  another.  Furthermore,  the  somite  carries 
two  appendages,  each  divided  into  a  proximal  portion  or  pro- 
topodite,  terminated  by  two  branches,  the  endopodite  and 
exopodite. 

The  whole  exoskeleton  of  the  Astacus^  however  various 
may  be  the  appearance  of  its  different  parts,  consists  of  so- 
mites and  append  iges  essentially  similar  to  these  which  have 
just  been  describsd,  but  which  are  more  or  less  masked  by 
the  connation,  the  coalescence,  the  abortion,  or  the  extreme 
modification  of  their  primitive  elements. 

If,  in  the  first  place,  we  follow  out  these  modifications  in 
the  posterior  somites,  we  find  the  fourth,  fifth,  and  sixth 
abdominal  somites  to  be,  in  all  essential  respects,  similar  to 
the  third ;  but  the  appendages  of  the  sixth  (Fig.  71,  L)  are 
singularly  changed,  the  protopodite  being  represented  by  a 
single  strong,  short  joint,  and  the  exopodite  and  endopodite 
having  the  form  of  wide,  oval  setose  plates.  The  exopodite 
is  again  divided  into  two  portions  by  a  transverse  joint.  The 
seventh  division  of  the  abdomen  (Fig.  71,  X,  y,  z)  is  the  telson. 
This  telson  bears  no  appendages  ;  dorsally  it  is  completely 
calcified,  but  is  divided  by  a  transvet-se  suture  into  two 
portions,  the  posterior  of  which  is  movable  upon  the  other ; 
ventrally,  on  the  contrary,  it  is  only  the  posterior  part  which 
is  fully  calcified,  the  middle  of  the  anterior  portion,  in  which 
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the  anus  is  situated,  being  completely  membranous,  and  the 
sides  only  being  strengthened  by  calcareous  plates  extend- 
ing inward  from  the  dorsal  hard  skeletal  element,  or  sclero- 
dermite, 

Ttie  powerful  tail-fin  of  the  Astacus  is  formed  by  the  tel- 
son,  combined  with  the  two  distal  divisions  of  the  sixth  ab- 
dominal appendages  on  each  side.  The  other  abdominal 
appendages  can  have  very  little  influence  on  locomotion.  In 
the  female,  however,  they  play  an  important  part  as  the  car- 
riers of  the  eggs  ;  and  in  this  sex  there  is  nothing  worthy 
of  special  notice  about  the  first  and  second  abdominal  somites 
or  their  appendages,  except  that  those  of  the  first  are  rudi- 
mentary. In  the  male  the  appendages  of  these  two  somites 
have  undergone  a  very  interesting  metamorphosis,  whereby 
they  are  fitted  to  subserve  copulation.  Those  of  the  second 
somite  (Fig.  71,  I)  are  enlarged,  and  the  protopodite  and 
basal  joint  of  the  endopodite  are  much  elongated ;  the  latter 
being  produced  internally  into  a  plate  rolled  upon  itself,  and 
thence  concave  outward  and  forward.  It  is  as  long  as  the  rest 
of  the  endopodite  (which,  like  the  exopodite,  is  many -join  ted), 
and  serves  as  a  sort  of  sheath  for  the  reception  of  the  append- 
age of  the  first  abdominal  somite  (Fig.  71,  H),  which  con- 
sists of  a  single  plate  rolled  upon  itself  in  a  similar  manner, 
so  as  to  resemble  a  grooved  style.  These  organs,  doubtless, 
help  to  cdtivey  the  spermatophores  from  the  male  genital 
apertures  to  the  body  of  the  female. 

The  compact  and  firm  cephalo-thorax  seems  at  first  to  dif- 
fer widely  from  the  flexible,  many- jointed  abdomen  ;  but  the 
most  posterior  of  its  somites  offers  an  interesting  transition 
from  the  one  to  the  other.  This  somite  is,  in  fact,  only  united 
by  membrane  to  that  which  precedes  it,  and  is  hence,  to  a 
certain  extent,  movable.  Its  sternal  portion  is  completely 
calcified,  but  the  epimera '  are  only  partially  calcified. 

The  appendages  of  this  somite  diffier  widely  from  those  of 
the  abdomen,  representing  (as  their  development  shows)  only 
the  protopodite  and  endopodite  of  the  latter.  Each  is  a  long, 
firm  leg,  composed  of  seven  joints,  the  proximal  one  being 
thicker  than  any  of  the  rest,  while  the  terminal  joint  is  nar- 
row, curved,  and  pointed.  To  these  seven  joints  Milne-Ed- 
wards has  applied  the  following  terms  (Fig.  71,  G):  The 
proximal  one,  which  articulates  with  the  somite,  is  the  coxO' 

1  The  term  epimeron  is  here  employed  in  a  more  Bpecial  sense  than  that 
commonly  used,  to  denote  that  part  of  the  lateral  wall  of  a  somite  which  is 
situated  between  the  articulation  of  the  appendage  and  the  pleuron. 
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podite  (1)  ;  the  next,  small  and  conical,  is  the  basipodite  (2) ; 
the  third,  cylindrical,  short,  and  marked  by  an  annular  con- 
striction, is  the  ischiopodite  (3)  ;  next  comes  a  long  joint, 
the  meropodite  (4)  ;  then  the  carpopodite  (5)  and  propodite 
(6)  ;  and,  finally,  the  terminal  dactylopodite  (7).' 

The  next  four  somites,  proceeding  anteriorly,  have  a  sim- 
ilar general  character  to  that  which  has  just  been  described, 
but  they  cease  to  be  movable  upon  one  another,  partly  by 
reason  of  the  calcification  of  the  interepimeral  and  inter- 
sternal  membranes,  partly  on  account  of  the  development  of 
these  membranes  by  a  folding  inward,  or  involution,  into 
processes,  the  apodemeSj  which  project  inward  and  unite 
with  one  another  in  the  cavitj'  of  the  thorax.  In  an  Astacus 
which  has  been  macerated — or,  better,  boiled  in  caustic  alkali 
— ^the  floor  of  the  thoracic  cavity  is  seen  to  be  divided  into  a 
number  of  incomplete  cells,  or  chambers,  by  these  apodemal 
partitions,  which  will  be  observed,  on  careful  examination, 
to  arise  partly  from  the  interstemal,  partly  from  the  inter- 
epimeral,  membrane  connecting  every  pair  of  somites.  The 
former  portion  of  each  apodeme  is  the  endoaternite,  the  latter 
the  endopleurite,  of  Milne-Edwards.  As  a  general  rule,  each 
endosternite  is  distinguishable  into  three  apophyses:  the 
arthrodial^  which  passes  outward  and  unites  with  the  de- 
scending division  of  the  endopleurite  to  form  one  boundary  of 
an  articular  cavity  for  a  limb ;  the  mesophragmal^  which  is 
directed  inward,  uniting  with  its  fellow,  and  forming  an  arch 
over  the  passage  left  in  the  middle  line  between  each  pair  of 
endosternites — the  so-called  sternal  canal  ;  lastly,  the  para- 
phragmal  division  is  a  small  process,  which  passes  forward, 
upward,  and  outward,  and  unites  with  the  anterior  division 
of  its  own  endopleurite,  and  with  the  posterior  division  of  the 
endopleurite  in  front  of  it. 

The  endopleurite  likewise  divides  into  three  apophyses, 
one  descending  or  arthrodial,  and  two  which  pass  nearly 
horizontally  inward  :  the  anterior  horizontal  apophysis  unit- 
ing with  its  own  paraphragmal  apophysis,  the  posterior  with 
the  paraphragmal  of  the  antecedent  endosternite.  The  pos- 
terior horizontal  apophysis,  therefore,  crosses  the  space  be- 
tween every  pair  of  apodemes  diagonally,  whence  the  ap- 
pearance of  a  double  i-ow  of  longitudinal  cells  opening  above, 
on  each  side  of  the  sternal  canal.     It  will  be  understood, 

>  Probably  the  coxo-  and  basipodite  toj^ether  answer  to  the  protopodite  of 
the  abdominal  appendages,  the  remaining  joints  representing  the  endopodite. 
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however,  that  these  cells  are  very  incomplete,  communicating 
with  one  another  anteriorly  and  posteriorly  by  the  large 
apertures  left  between  the  endostemites  and  endopleurites ; 
and  laterally,  by  the  spaces  between  the  endostemites, 
through  which  each  series  opens  into  the  sternal  canal ;  while 
above,  they  are  in  free  communication  with  the  thoracic 
cavity.  The  apodemes  give  attachment  to  the  muscles  of 
the  appendages,  while  the  chain  of  ganglia  and  the  sternal 
artery  lie  in  the  sternal  canal. 

The  appendages  of  the  penultimate  resemble  those  of 
the  last  thoracic  somite,  but  the  three  preceding  pairs  differ 
from  them  by  being  chelate — that  is,  by  having  the  posterior 
distal  angle  of  the  propodite  produced  so  as  to  equal  the 
dactylopodite  in  length,  and  thus  constitute  u  sort  of  oppos- 
able finger  for  it  (Fig.  71,  Q-^  6,  7).  The  first  ambulatory  or 
prehensile  limb,  again,  is  remarkable  for  its  great  size  and 
strength,  and  for  the  ankylosis  of  its  basipodite  with  the 
ischiopodite. 

The  four  anterior  pairs  of  ambulatory  limbs  differ  from 
the  last  pair  in  possessing  a  long  curved  appendage  (Fig.  71, 
N)^  which  ascends  from  the  coxopodite,  with  which  it  is  artic- 
ulated, and  passes  into  the  branchial  chamber,  in  which  it  lies. 
This  is  the  epipodite  ;  its  relation  to  the  function  of  respira- 
tion will  be  adverted  to  presently. 

The  sterna,  which  are  wide  in  the  three  hindmost  thoracic 
somites,  become  very  narrow  and  almost  linear  in  the  ante- 
rior ones.  They  and  their  apodemes,  however,  remain  per- 
fectly recognizable. 

The  sternal  regions  of  the  three  maxillipedary  somites 
have  the  same  characters,  their  appendages  and  articular  cavi- 
ties becoming  smaller ;  while,  by  the  contemporaneous  exces- 
sive narrowing  of  the  interarticular  regions  of  the  sterna, 
these  cavities  are  closely  approximated. 

The  sternum  of  the  next  anterior  somite  (bearing  the 
second  pair  of  maxillae),  on  the  other  hand,  though  very  nar- 
row from  before  backward,  has  a  considerable  width,  and  its 
articular  cavities,  already  much  larger  than  those  of  the  ante- 
rior maxillipedary  somites,  are  consequently  thrown  outward. 
Hence  results  a  sudden  widening  of  the  second  maxillary,  as 
compared  with  the  first  maxillipedary  somite ;  and,  as  a  con- 
sequence, we  find  a  deep  fold  or  depression  on  the  sides  of 
the  body  where  these  two  somites  join.  This  fold  is  directed 
upward  and  backward  on  the  flanks  of  the  body,  parallel  with 
an  important  impression  on  the  carapace,  the  cervical  groove. 
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Not  only  on  this  ground,  but  because  the  fold  really  repre- 
sents a  true  neck,  or  separation  between  the  head  and  thorax, 
it  may  approximately  be  termed  the  cerviccU  fold.  The 
scaphognathite  (Fig.  71,  C,  c,  J),  an  important  appendage  of 
the  second  maxilla,  lies  in  this  cervical  fold. 

The  appendages  of  the  three  maxillipedary  somites  (Fig. 
71,  Dy  E^  B^  are  highly  interesting,  inasmuch  as  they  afford 
transitional  forms  between  the  ambulatory  limbs  and  the 
gnathites.  Each  maxillipede  is  composed  of  three  divisions, 
articulated  with  a  stout  protopodite.  The  outermost  of  these 
divisions  is  a  curved,  elongated  lamina  (d ),  precisely  resem- 
bling the  epipodite  of  the  posterior  thoracic  limbs  in  the  two 
hinder  maxillipedes  (JEJ  P)  ;  but,  in  the  anterior  (2>),  not 
modified  so  as  to  serve  as  a  branchia,  and  rather  approaching 
the  scaphognathite  in  form. 

The  middle  division  of  each  maxillipede  (c),  answering  to 
the  exopodite,  is  long,  slender,  many-jointed,  and  palpiform ; 
while  the  inner  division,  or  endopodite  (a,  ft),  not  only  corre- 
sponds with  one  of  the  ambulatory  limbs,  but  in  the  posterior 
maxillipede  (Fig.  71,  jP)  very  closely  resembles  one,  and  con- 
tains the  same  number  of  joints.  In  the  next  maxillipede, 
however  (Fig.  71, -E'),  the  endopodite  is  proportionally  shorter, 
and  in  texture  and  form  rather  approaches  the  foliaceous  en- 
dopodite of  the  anterior  maxillipede  (Fig.  71,  2)),  in  which  a 
flat  plate  is  applied  to  the  posterior  surface  of  the  slender 
exopodite.  A  perfect  transition  is  thus  produced  betiveen 
the  corresponding  divisions  of  the  second  maxillipede  and  of 
the  second  maxilla. 

The  intermaxillary  apodeme,  or  that  developed  from  the 
connecting  membrane  of  the  two  maxillary  somites,  is  very 
remarkable  for  its  stoutness  and  for  the  great  size  and  ex- 
panded form  of  the  mesophragmal  processes,  which  unite  into 
a  broad  plate,  whence  prolongations  are  sent  forward  and 
outward,  in  front  of  the  tendon  of  the  great  adductor  mandi- 
hulcB  muscle  on  each  side.  These  prolongations  appear  to  be 
the  calcified  posterior  horizontal  apophyses  of  the  mandibulo- 
maxillary  apoderae,  which  elsewhere  remains  membranous. 

The  second  maxilla  (Fig.  71,  (7)  much  resembles  the  an- 
terior maxillipede,  but  the  epipodite  (d\  and  exopodite  (c) 
appear  to  be  combined  into  a  wide  oval  plate,  the  scapho- 
gnathite^  of  which  mention  has  already  been  made.'  In  the 
first  maxilla  (Fig.  71,  B)  the  epipodite  and  exopodite  appear 

*  Until  the  development  of  these  appendages  has  been  worked  out,  the  de- 
termination of  the  homologies  of  their  parts  must  be  reg&i^o<i  f^  provisional. 
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to  be  undeveloped,  and  the  joints  of  the  endopodite  are  com- 
pletely foliaceous.  The  somite  which  supports  the  mandibles 
is,  to  a  great  extent,  membranous  in  its  sternal  region ;  it  is 
united  with  the  corresponding  region  of  the  first  maxillary 
somite,  itself  represented  merely  by  a  narrow,  distinctly  cal- 
cified, band,  in  front  of  the  second  maxillary  sternum,  by  mem- 
brane only.  In  this  membranous  space  the  elongated  aper- 
ture of  the  mouth  is  situated. 

On  each  side  of  and  behind  the  mouth  are  two  little 
elongated  oval  calcified  plates,  between  which  an  oval  pro- 
cess, setose  at  its  extremity,  proceeds  downward  and  for- 
ward, and  lies  in  close  apposition  with  the  posterior  face  of 
the  mandible  of  its  side.  This  is  one-half  of  what  is  termed 
by  most  authors  the  labitim,  but,  to  avoid  confusion  with  the 
labium  of  Jnsecta,  from  which  it  is  wholly  different,  it  may 
be  called  the  metastoma  (Fig.  72,/).  It  obviously  answers 
to  the  structure  so  named  in  the  Copepoda, 

The  mandibles  fill  up  a  large  space  in  the  sternal  mem- 
brane, with  which  their  edges  are'  continuous  on  each  side  of 
the  oral  aperture  ;  externally,  the  sternal  membrane  bends 
suddenly  downward  into  the  pleural  ridge,  continuous  with 
the  branchiostegite  of  the  carapace,  and  becomes  calcified; 
while,  anteriorly,  it  is  very  difficult  to  say  where  the  mandi- 
bular sternum  terminates.  In  front  of  the  mouth  the  sternal 
membrane  becomes  developed  into  a  large  median  lobe,  con- 
taining three  small  calcified  plates  on  each  side  of  the  middle 
line.     This  is  the  labrum  (Fig.  72,  e). 

The  mandible  itself  (Fig.  71,  A)  is  thick  and  strong  at  its 
inner  end,  where  it  is  divided  by  a  deep  excavation  into  an 
upper  and  a  lower  portion  (a,  h\  the  edge  of  each  being 
toothed.  The  outer  division  of  the  mandible  extends  along 
the  whole  width  of  the  somite,  and  tapers  to  its  extremity, 
which  presents  an  articular  head,  the  outer  condyle*  At- 
tached to  its  anterior  margin  is  the  palp  (o),  which  represents 
the  terminal  joints  of  the  mandibular  endopodite.  The  ex- 
opodite  and  the  epipodite  have  no  representatives  in  this  ap- 
pendage. Superiorly,  the  outer  portion  of  the  mandible  is 
concave,  and  its  posterior  edge  gives  attachment  to  the  cal- 
cified tendon  of  the  adductor  mandibulae  (d). 

In  front  of  the  labrum  and  mandibles  is  a  wide,  somewhat 
pentagonal  area,  prolonged  into  a  point  in  the  middle  line 
forward,  and  presenting  a  small  spine  on  each  side ;  this  is 
the  epistoma  (Fig.  72,  ^,  Z),  and  it  is  chiefly,  if  not  entirely, 
formed  by  the  sternum  of  the  antennary  somite.     On  each 
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side  of  its  triangul&r  anterior  extremity  it  presents  a  wide 
articular  cavity  for  the  articulation  of  the  antennee.  In  these 
organs  (Fig*.  72,  £,  d)  the  aame  parts  can  be  recognized  as  in 


the  other  appendages,  viz.,  an  imperfect  basal  joint,  produced 
into  a  prominent  cone,  perforated  behind  and  internal  to  its 
apex,  and  here  called  coxocerite.  Next,  a  basicerite,  to  the 
outer  portion  of  which  a  flattened  plate,  the  representative 
of  the  exopodite,  and  here  called  the  scapkocerite,  is  articu- 
lated ;  while  to  its  inner  portion  an  isehiocerite  is  connected, 
bearing  a  merocerite  and  carpoeerite,  while  the  last  segment, 
oi  procerite,  consists  of  a  long  multi-articulate  filament. 

The  sterna  of  the  next  two  somites  are  narrow  and  elon- 
gated; that  of  the  antennary  somite  is  well  calcified,  but 
that  of  the  oplithalmic  somite  is  almost  entirely  membranous. 

The  antermules  (Fig.  73,  B,  c)  present  an  enlarged  trigonal 
basal  joint,  succeeded  by  two  others.  These  represent  the 
protopodite,  and  carry  at  their  extremities  two  many-jointed 
filaments,  which  probably  represent  the  exo-  and  endopodites. 

The  peduncles  of  the  eyes  (Fig.  72,  6),  lastly,  are  com- 
posed of  two  joints,  a  small  proximal  basiophthalmite,  and  a 
larger  terminal  podophthalmite. 

Such  are  the  structure  and  arrangement  of  the  sternal  por- 
tions of  the  several  cephalo-thoracic  somites,  and  the  nature 
of  their  appendages.  On  regarding  tlie  sternal  region  as  a 
whole,  there  are  yet  some  very  important  points  (the  morpho- 
logical value  of  which  has  been  fully  pointed  out  by  Milne- 
Edwards)  to  be  noticed.  A  longitudinal  median  section, 
in  fact,  shows  that,  while  a  line  drawn  through  the  sterna  of 
the  somites  behind  the  mouth  is  nearly  straight  and  parallel 
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with  the  axifl  of  the  body,  a  similar  line  draNYn  through  the 
sterna  of  the  somites,  in  front  of  the  mouth,  ascends  as  it 
passes  through  the  antennary^  antennular^',  and  ophthalmic 
sterna,  and  thus  takes  a  position  at  right  angles  to  the  former 
line  (Fig.  72,  -S).  The  sterna  of  the  somites,  in  front  of  the 
mouth,  are,  therefore,  bent  up  so  as  to  look  forward  instead 
of  downward ;  and  it  is  of  essential  importance  to  bear  in 
mind  this  cephalic  flexure^  in  considering  the  structure  of  the 
head  in  these  and  other  Arthropoda, 

Just  as  the  lateral  regions  of  the  abdominal  somites  are 
produced  into  the  pleura^  so  are  the  lateral  regions  of  the 
cephalo-thorax  similarly  prolonged.  Thus  the  membranous 
lateral  walls  of  the  posterior  cephalo- thoracic  somite  are  re- 
flected superiorly,  and  bent  down  again  to  the  level  of  the 
bases  of  the  legs,  where  they  become  continuous  with  a  calci- 
fied layer  corresponding  with  the  tergal  half  of  the  pleura, 
and  forming  the  posterior  part  of  the  carapace.  In  like  man- 
ner, the  more  or  less  calcified  epimera  of  all  the  other  somites 
are  reflected  superiorly  into  a  membrane  which  passes  down- 
ward, and  the  free  lower  edge  of  which  is  continuous  with 
the  edges  of  the  carapace.  The  carapace,  therefore,  corre- 
sponds in  position  with  the  terga  and  tergal  halves  of  the 
pleura  of  all  the  somites  which  are  thus  reflected  into  it,  and 
these  somites  include  all,  without  exception,  from  the  last 
thoracic  to  the  ophthalmic.  Posteriorly,  the  edges  of  the 
carapace  are  a  little  prolonged  beyond  the  last  thoracic  somite, 
and  take  the  form  of  a  fold,  with  an  under  layer  distinct  from 
the  upper.  Anteriorly,  in  the  middle  line,  the  carapace  is 
prolonged  in  a  similar  manner,  but  to  a  much  greater  extent; 
it  thus  gives  rise  to  the  long  rostrum^  which  overhangs  the 
sterna  of  the  ophthalmic  and  antennulary  somites.  At  the 
sides  of  the  antennulary  and  antennary  somites  the  rostral  pro- 
longation of  the  carapace  is  the  direct  continuation  outward  of 
the  epimera  of  those  somites,  and  there  is  nothing  to  be  com- 
pared to  an  apodeme  ;  but  the  sternum  of  the  ophthalmic  so- 
mite, after  giving  off  the  lamelhi  which  forms  the  inferomedian 
region  of  the  rostrum,  is  prolonged  on  each  side  of  the  middle 
line  backward  and  outward  into  a  free,  expanded,  thin,  cal- 
cified process,  which  applies  itself  against  the  carapace  by  its 
upper  surface,  and  by  its  under  surface  gives  attachment  to 
the  anterior  gastric  muscles.  Corresponding  processes  are 
developed  from  the  carapace  itself,  in  some  Podophthcdmia 
(e.  g.,  GcUathea,  Carcmu8\  for  the  attachment  of  the  poste- 
rior gastric  muscles.     From  the  last  thoracic  to  the  maxilli- 
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pedary  somites,  the  pleural,  or.  free  part  of  the  carapace^ 
termed,  from  its  function,  the  brmichiostegite^  or  cover  of  the 
gills,  incloses  a  wide  space,  bounded  internally  by  the  epimera 
of  the  somites.  This  is  the  branchial  chamber.  In  front  of 
the  maxillipedes  and  cervical  fold,  however,  the  chamber  sud- 
denly becomes  narrowed  by  the  rapid  widening  of  the  sterna 
of  the  maxillary  and  mandibular  somites,  and  by  the  lowering 
of  the  point  at  which  the  reflection  of  their  epimera  into  their 
pleura  takes  place.  Finally,  on  the  antennary  somite,  and  in 
front  of  it,  the  pleuron  becomes  a  mere  fold  separated  by  a 
shallow  groove,  the  representative  of  the  branchial  chamber, 
from  the  epimera. 

On  the  dorsal  surface  there  is  no  indication  of  any  divis- 
ion of  the  carapace  into  terga  corresponding  with  the  sterna 
of  the  somites,  but  it  is  marked  by  a  well-defined,  curved 
groove,  the  posterior  convexity  of  which  extends  across  the 
carapace,  rather  behind  its  middle,  and  the  lateral  portion  of 
which  runs  downward  and  forward,  toward  the  anterior  part 
of  the  antennary  sternum.  This  is  the  cervical  groove  /  that 
part  of  the  carapace  which  lies  in  front  of  it  is  the  cephaloste- 
gitCy  while  that  which  is  behind  is  the  otnostegite. 

The  omostegite,  again,  is  divided  into  three  portions  by  a 
groove  on  each  side  of  the  middle  line — the  branchiocardiac 
grooves.  The  branchiocardiac  groove,  and  the  lateral  por- 
tion of  the  cervical  groove,  on  the  dorsum  of  the  carapace, 
correspond  very  closely  with  the  line  at  which  the  epimeral 
is  reflected  into  the  pleural  membrane,  on  its  ventral  surface. 
The  transverse  portion  of  the  cervical  groove,  on  the  other 
hand,  corresponds  with  the  posterior  boundary  of  the  stom- 
ach and  the  anterior  extremity  of  the  heart,  and  continues 
inward  the  line  of  the  cervical  fold  ;  so  that,  in  a  longitudi- 
nal section  of  an  AstacuSj  the  direction  of  the  cervical  fold, 
if  followed  upward  and  backward,  strikes  against  the  inner 
surface  of  the  carapace,  at  a  point  corresponding  with  the 
summit  of  the  cervical  groove,  on  its  outer  surface.  By  cut- 
ting through  the  cervical  fold,  therefore,  through  the  mem- 
brane joining  the  second  maxillary  with  the  first  maxillipe- 
dary  sternum,  and  through  the  carapace  in  the  transverse 
part  of  the  cervical  groove,  it  is  possible  to  separate  an  ante- 
rior portioiTof  the  cephalo- thorax,  containing  the  whole  of 
the  cephalostegite,  and  the  first  six  somites,  with  their  ap- 
pendages, from  a  posterior  portion,  consisting  of  the  omos- 
tegite, and  the  last  eight  cephalo-thoracic  somites.  And,  in 
making  this  artificial  separation,  we  should  be  merely  carry- 
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ing  out   a  distinction  between  these  two  sets  of   somites, 
already  very  clearly  indicated  by  the  cervical  fold  and  groove. 

It  is  for  this  reason  that  I  diflPer  from  Milne-Edwards  in 
regarding  the  somite  which  bears  the  first  maxillipedes  as  the 
first  of  the  thorax,  and  not  as  the  last  of  the  head.  And  the 
acceptance  of  this  natural  delimitation  of  the  head  in  the 
higher  Crustacea  has  the  advantage  of  bringing  its  structure 
into  accordance  with  that  of  the  same  region  in  the  JSnto- 
mostraca^  in  which  it  is  the  rule  that  the  head  possesses  eyes, 
antennules,  antennae,  mandibles,  and  two  pairs  of  maxillse. 

Another  mark  upon  the  carapace  is  a  large  and  rounded 
convexity,  occupying  nearly  a  third  of  the  whole  width  of 
the  posterior  half  of  the  cephalostegite.  This  impression  is 
bounded  internally  by  a  line  drawn  from  the  outer  angle  of 
the  base  of  the  rostrum,  directly  backward,  and  externally 
by  a  curved  depression,  deepening  into  a  pit  anteriorly ;  it 
corresponds  with  the  attachment  of  the  base  of  the  adduc- 
tor muscle  of  the  mandible. 

The  mouth  of  the  Crayfish  is  a  wide  aperture,  situated 
between  the  labrum  in  front,  the  metastoma  behind,  and  the 
mandibles  on  each  side.  It  serves  as  the  entrance  to  an 
equally  wide  oesophagus,  a  short  tube  with  plaited  walls, 
which  takes  a  slightly  curved  direction  upward  and  a  little 
backward,  to  open  into  the  large  stomach,  which  is  not  only 
situated  directly  over,  but  extends  forward  in  front  of  the 
gullet.  The  stomach,  in  fact,  occupies  almost  the  whole 
cavity  of  the  body  in  front  of  the  cervical  suture,  and  is 
divided  by  a  constriction  into  a  large  anterior  moiety,  the 
cardiac  division,  and  a  small  posterior,  pyloric  portion.  The 
anterior  half  of  the  cardiac  division  has  the  form  of  a  large 
membranous  bag,  the  inner  surface  of  which  is  closely  set 
with  minute  hairs  ;  but  in  the  posterior  half  of  this,  and  on 
the  whole  of  the  pyloric  division,  the  walls  of  the  stomach 
are  strengthened  by  a  very  peculiar  arrangement  of  uncalci- 
fied  and  calcified  plates  and  bars  articulated  together,  which 
are  thickenings  of  the  chitinous  cuticula  of  the  epithelium 
of  the  alimentary  canal,  and  constitute  the  gastric  skeleton. 
The  most  important  part  of  this  apparatus  is  that  which  is 
developed  in  the  posterior  cardiac  region. 

It  consists,  in  the  first  place,  of  a  transverse,  slightly 
arcuated  cardiac  plate  (Fig.  73,  ca),  calcified  posteriorly, 
which  extends  across  the  whole  width  of  the  stomach,  and 
articulates  at  each  extremity  by  an  oblique  suture  with  a 
small  curved  triangular  antero-lateral  or  pterocardiac  (pt) 
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ossicle.  Oa  each  side  a  lar^,  elongated  postero-lciteral  or 
zygocardinc  ossicle  («e),  wider  posteriorly  .than  anteriorly,  is 
connected  with  the  lower  end  of  the  antero-lateral  ossicle, 
and,  passing  upward  and  backward,  becomes  continuous  with 
a  transverse  arcuated  plate,  calcified  in  its  anterior  moiety, 
and  situated  in  the  roof  of  the  anterior  dilatation  of  the  py- 
loric portion ;  this  is  the  pyloric  ossicle  (Fig.  73,  py). 

These  pieces,  it  will  be  observed,  form  a  sort  of  six-sided 
frame,  the  anterior  and  lateral  angles  of  which  are  formed  by 
movable  joints,  while  the  posterior  angles  are  united  by  the 
elastic  pyloric  plate. 

From  the  middle  of  the  cardiac  piece  a  strong  calcified 
urocardiac  process  {ca')  extends  backward  and  downward, 
and,  immediately  under  the  anterior  half  of  the  pyloric  ossi- 
cle, terminates  in  a  broad,  thickened  extremity,  which  presents 
inferiorly  two  strong  rounded  tuberosities,  or  cardiac  teeth. 
With  this  process  is  articulated,  posteriorly,  a  broad  pre- 
pyloric ossicle,  which  passes  obliquely  upward  and  forward,  in 
the  front  wall  of  the  anterior  dilatation  of  the  pyloric  portion, 
and  articulates  with  the  anterior  edge  of  the  pyloric  ossicle, 
thus  forming  a  kind  of  elastic  diagonal  brace  between  the 
urocardiac  process  {ca')  and  the  pyloric  ossicle.  The  inferior 
end  of  this  pre-pyloric  ossicle  is  produced  downward  into  a 
strong  bifid  urocardiac:  tooth  (ac).  Finally,  the  inner  edges 
of  the  postero-lateral  ossicles  are  flanged  inward  horizontally, 
and,  becoming  greatly  thickened  and  ridged,  form  the  large 
lateral  cardiac  teeth  (cc).  The  membrane  of  the  stomach  is 
continued  from  the  edges  of  the  pre-pyloric  to  those  of  the 
postero-lateral  ossicle  in  such  a  manner  as  to  form  a  kind  of 
pouch  with  elastic  sides,  which  act,  to  a  certain  extent,  as  a 
spring,  tending  to  approximate  the  inferior  face  of  the  pre- 
pyloric ossicle  to  the  superior  face  of  the  median  process  of 
the  cardiac  ossicle. 

The  result  is,  that  there  is  a  certain  position  of  equilibrium 
of  the  whole  apparatus,  when  the  urocardiac  process  and  the 
pre-pyloric  ossicle  make  a  small  angle  with  one  another,  and 
the  antero-lateral  ossicles  form  an  almost  unbroken  transverse 
curve  with  the  cardiac.  When  undisturbed,  the  apparatus 
tends  to  assume  this  position. 

Two  pairs  of  powerful  muscles  are  attaclied  to  this  gastric 
skeleton.  The  anterior  pair  arise  from  the  procephalic  pro- 
cesses, and  are  inserted  into  the  roof  of  the  stomach,  some- 
what in  front  of  the  cardiac  ossicle ;  the  posterior  have  their 
origin  in  the  carapace  immediately  above  and  behind  the 
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pyloric  end  of  the  stomach,  and  their  insertion  into  the  pylo- 
ric ossicle  and  the  wide  posterior  part  of  the  postero-lateral 
pieces. 


Fte.  73.— ^iffiftH,— Upper  Fienre:  Longitadlnal  Sectlnn  oT  BtoDiHCb,— ^.  ameriar 
gsflric  miiBcle  ;  B.  poBlKrior  gaatrlc  mni-cle ;  ffi",  lEStpphaena ;  P.  njloniB ;  ca, 
cardiac  oeelcle  ;  ca'.  Ita  nrocBrdisc  proi^eae ;  ac,  nrocaidUc  loofli;  pv.  PJ- 
loric  atslcle  ;  the  oblique  bar.  eitendiug  trum  Ihe  end  of  the  cardiac  to  t&L-  pjlo- 
rle,  Is  the  pre-pyloric  osslclp :  vl,  pterocardiac  ;  »e,  postero -lateral  cardiac.  Willi 
llB  great  tooth,  cc  ;  I.  »iua1l  Inferior  tooth;  c,  cardto-pyionc  valTe  ;  b.  Infero- 
mediati  pyloric  ridge ;  a.  lateral  pyloric  ridge :  d,  aaperioc  pylnrle  ridj^ ;  vp, 
nro-pTlorlc  o^tlcle;  xy.  line  of  eecMoa;  the  anterior  lace  of  the  posterior  segineiil 
being  ahown  Id  the  kiwei  Agere. 

From  the  attachment  of  these  muscles  it  is  clear  that  their 
action  must,  in  a  general  way,  resemble  that  produced  bv 
pulling  upon  the  cardiac  and  pyloric  pieces  when  the  stomach 
18  removed  from  the  body.  Now,  the  resuU  of  doing  this  is 
that,  the  cardiac  and  pyloric  pieces  being  divaricated,  the 
pre-pyloric  ossit^Ie  assumes  a  vertical  position,  and  the  uro- 
cardiac  tooth  turns  downward  and  forward.  At  the  same 
time  the  nntero-Iateral  or  pterocardiac  pieces  are  pulled  back- 
ward, and,  owing  to  their  oblique  articulation  with  the  car- 
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diao  pieoe,  their  inferior  ends  move  downward,  backward,  and 
inward,  carrying  with  them  the  anterior  ends  of  the  postero- 
lateral pieces,  the  teeth  of  which  (lateral  cardiac)  come  into 
contact  with  the  urocardiac  and  cardiac  teeth  with  a  force 
proportional  to  that  exerted  in  traction.  On  ceasing  to  pull, 
the  apparatus  returns  to  its  former  position,  its  backward 
movement  being  facilitated  by  the  reaction  of  the  elastic 
pouch  mentioned  above,  and  being  doubtless  also  assisted,  in 
the  living  state,  by  a  pair  of  small  cardio-pyloric  muscles, 
which  pass,  one  on  each  side,  between  the  cardiac  and  pyloric 
ossicles,  beneath  the  membrane  of  the  stomach,  the  looseness 
of  which,  in  this  region,  where  it  unites  the  various  ossicles 
of  the  gastric  mill,  greatly  assists  the  free  movement  of  the 
whole  apparatus. 

Nothing  can  be  more  easy  than  to  perform  the  experi- 
ment, and  to  convince  one's  self  that  these  structures  do  really 
constitute  a  most  efficient  masticatory  apparatus  ;  and  it  is 
surprising  that  Oesterlen,  in  his  elaborate  essay  on  the  stom- 
ach of  Astac^us^  should  have  questioned  the  crushing  action 
of  the  teeth. 

A  great  bilobed  valvular  process  (Fig.  73,  c)  rises  up  from 
the  sternal  region  of  the  stomach,  opposite  the  cardio-pyloric 
oonstriction,  and  apparently  prevents  the  food  from  passing 
into  the  pyloric  division  until  it  is  properly  comminuted. 
And,  in  front  of  this  valve,  the  infero-lateral  parietes  of  the 
stomach  are  strengthened  by  a  number  of  other  plates  and 
bars ;  one  of  which  on  each  side  bears  a  small  tooth  {infero- 
lateral  cardiac^  /),  and  is  continued  into  a  broad  uncalciGed 
plate,  lying  in  the  hinder  and  lower  part  of  the  side-walls  of 
the  stomach,  and  covered  with  hairs  internally.  There  are, 
therefore,  altogether  seven  gastric  teeth :  three  median,  the 
cardiac,  and  the  urocardiac,  and  two  lateral  on  each  side,  the 
lateral  cardiac  and  the  infero-lateral  cardiac. 

In  the  pyloric  division  of  the  stomach  the  food  has  to 
undergo  a  further  series  of  comminutions  and  strainings.  A 
ridge  covered  with  long  hairs  projects  in  the  median  line 
above  ;  other  hairy  ridges  extend  inward  from  the  sides  to 
meet  it,  and  nearly  close  the  passage  laterally.  These  ridges 
are  very  convex  inferiorly,  and  their  convexities  abut  against 
the  concavities  of  an  inferior  median  ridge,  which  rises  up  to 
meet  them,  and  is  prolonged  posteriorly  into  a  sort  of  valvu- 
lar process,  covered  at  its  termination  with  long  hairs,  which 
bar  the  space  left  between  the  upper  parts  of  the  lateral 
ridges.    The  concave  faces  of  this  median  process  are  covered 
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bj  close-set  parallel  ridges,  which  only  become  free  hair-like 
processes  at  the  posterior  margia  of  the  plate,  each  ridge 
giving  attachment  to  a  regular  series  of  minute  hairs.  These 
are  directed  inward  nearly  parallel  with  the  surface,  which 
looks  at  first  as  if  it  were  merely  ruled  with  close-set  trans- 
verse lines,  connected  by  still  finer  and  closer  longitudinal 
ones. 

This  apparatus  constitutes  the  "ampoule  cartilagineux" 
of  Milne-Edwards.  Behind  it  there  is  yet  another  infero- 
median  and  two  lateral  setose  valvular  prominences,  which 
form  the  last  barrier  between  the  food  and  the  intestine. 

Mr.  T.  J.  Parker,  who  has  recently  carefully  examined  the 
structure  of  the  stomach  of  the  Crayfish,*  finds  that,  besides 
the  anterior  and  posterior  gastric  and  the  cardio-pyloric  mus- 
cles, there  are  intrinsic  fibres  in  the  walls  of  the  stomach, 
some  encircling  the  posterior  pyloric  region,  others  passing 
between  the  hindermost  accessory  ossicle  and  the  postero- 
lateral and  pyloric  pieces;  these  must  tend  to  diminish  the 
cavity  of  the  stomach,  and  the  last-named  fibres  possibly 
assist  in  mastication  by  bringing  the  lateral  cardiac  into  con- 
tact with  the  infero-lateral  cardiac  tooth.  Moreover,  there  are 
nine  pairs  of  minor  extrinsic  muscles,  of  which  two  pairs  pass 
from  the  anterior  wall  of  the  stomach  and  gullet  to  the  anten- 
nary  sternum,  passing  between  the  oesophageal  commissures 
and  on  either  side  of  the  azygos  nerve  of  the  visceral  system ; 
three  pairs  pass  between  the  side-walls  of  the  stomach  and 
oesophagus  and  the  mandibular  sterna;  a  sixth  pair  arises  from 
the  forward  processes  of  the  intermaxillary  apodeme,  and  is  in- 
serted into  the  oesophagus;  two  more  pairs  arise,  one  from 
the  internal  thickened  edge  of  the  mandible,  the  other  from 
the  intermaxillary  apodeme,  and  are  inserted  into  the  inferior 
surface  of  the  pyloric  region  ;  and  a  ninth  pair  arises  from  the 
carapace  just  behind  the  posterior  gastric  muscles,  and  goes 
to  be  inserted  into  the  posterior  pyloric  dilatation.  There 
are  also  a  few  more  inconspicuous  fibres  passing  between  the 
oesophagus  and  the  neighboring  hard  parts.  All  these,  at 
least  when  acting  together,  must  antagonize  the  intrinsic 
muscles,  and  dilate  the  stomach. 

The  pyloric  portion  of  the  stomach  passes  into  the  an- 
terior portion  of  the  intestine,  which  is  smooth  internally, 
and  presents  superiorly  a  caecal  process,  the  remains,  accord- 
ing to  Rathke,  of  one  lobe  of  the  viteliary  sac  of  the  embrya 

>  JownMX  of  Anatomy  and  Physiology^  Ootober,  1876. 
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This  anterior. portion  of  the  intestine  is,  however,  very 
short,  and  almost  immediately  becomes  dilated  into  the  wider 
posterior  division,  which  extends  to  the  anus.  The  inner 
surface  of  the  dilatation  is  produced  into  six  ridges,  which  are 
continued  into  a  corresponding  number  of  series  of  papillce 
along  the  rest  of  the  intestine. 

Ihe  only  glandular  apparatus  of  any  kind  which  opens 
into  the  alimentary  canal  is  the  liver,  and  the  apertures  of 
the  wide  hepatic  ducts  are  seen  on  each  side  of  the  pylorus. 
Each  duct  conveys  the  secretion  from  the  multitudinous 
caecal  tubes,  which  constitute  the  principal  mass  of  the  cor- 
responding bilobed  half  of  the  liver.  The  two  halves  lie  on 
each  side  of  the  stomach,  and,  though  they  remain  perfectly 
distinct  from  one  another,  come  into  close  contact  below. 

Astacus ^possesses  neither  salivary  glands  nor  any  caecal 
appendages  to  the  intestine,  such  as  exist  in  the  Brachyura 
and  some  Macrara^  unless  the  short  csecum  just  now  de- 
scribed is  the  homologue  of  the  longer  caeca  of  Maia  and 
Homarus, 

In  the  spring  and  summer  two  very  curious  discoidal  cal- 
careous plates,  the  sc-called  "eyes"  of  the  Crayfish,  are 
found  imbedded  in  the  walls  of  the  dilated  anterior  portion 
of  the  cardiac  division  of  the  stomach,  the  middle  of  the 
lateral  surface  of  which  they  occupy.  These  bodies  com- 
mence as  calcareous  deposits  underneath  the  chitinous  gas- 
tric lining,  and  increase  in  size  uiitil  the  period  arrives  at 
which  the  Crayfish  casts  its  skin.  They  are  then  cast,  to- 
gether with  this  lining  membrane  and  the  gastric  armature  ; 
and  it  would  appear  that,  like  the  latter,  they  become  broken 
up  and  destroyed  within  the  new  stomach.  The  purpose  of 
these  concretions  is  not  understood;  the  ordinary  theory, 
that  they  are  stores  of  calcareous  matter,  ready  to  be  dis- 
tributed through  the  young  integument  after  ecdysis,  appear- 
ing to  be  negatived  by  their  small  size.  Oesterlen  states 
that  they  rarely  weigh  more  than  two  grains,  and  judiciously 
suggests  that  if  it  be  admitted  that  the  Crayfish  can  derive 
all  the  calcareous  matter  it  requires,  except  two  grains,  from 
other  sources,  it  is  hardly  necessary  to  look  on  those  two 
grains  as  a  special  supply. 

The  circulatory  apparatus  of  Astacus  is  well  developed. 
The  heart  (Fig.  74,  C)  has  the  shape  of  an  irregular  polygon, 
and  lies  immediately  behind  the  stomach  and  beneath  the 
cardiac  region  of  the  carapace,  in  a  chamber  which  is  com- 
monly termed  the  "  pericardium,"  to  the  walls  of  which  it  is 
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attached  by  six  ligaments,  corresponding  with  the  alte  of  the 
heart  in  insects,  but  not,  like  them,  muscular.     Except  by 


PiO.  7i.—Jgaiaa.  Longilodinsl  Section.— I,  II,  ni,  Stetnrr  orarel,8oeoiia.  Srd  third 
■amltee;  a.  iHmphams ;  lb,  Ubrain  :  I,  meMxIoms :  <r.  tDembrannne  psrt  of  Ehe 
■tonuch;  c.  cardiac  iwaicle:  u(.  ptcrocardiac :  ne,  nrocardUc;  el.  lateral  carillac; 
p,  cardlo-pyluric  lalie ;  pi,  liifertor  pjloiic  valvular  apparBiue ;  m,  Hnlerior  gastric 
moBtle  ;  m»,  Ineerllan  of  poalerinr  gastric  mnaclea ;  pe.  procephallc  procBBts* ; 
A*,  openiog  at  hepatic  duct ;  i,  pyloric  rs  cam ;  i,k,  iiu^sliiie ;  jrn.  testis  ;  (m',  irn"! 
1B8  deferent ;  C.  bearr ;  ao.  ophtbalmlc  artery  ;  an.  anMnnarj  ;  ah,  bepallc  ;  a>. 
■tcmal ;  ap,  superior  abdouilnal  antry  ;  b.  cerebral  c»nglla  ;  ig,  aiu[OB  TlMieral 

these  ligamcnta,  and  by  tlie  arteries,  which  pass  through  it, 
the  walls  of  the  pericardial  cavity,  or  blood  sinus  (for  such  it 
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really  is),  are  wholly  unconnected  with  the  heart,  which  thus 
is,  in  a  manner,  suspended  freely  iu  the  blood. 

Six  apertures,  two  of  which  are  superior,  two  inferior, 
and  two  lateral,  provided  with  valves  which  open  inward, 
allow  the  blood  to  enter  the  cavity  of  the  heart  during  the 
diastole,  and  prevent  its  egress,  except  by  the  arteries,  dur- 
ing the  systole.  The  arterial  trunks  are  six  in  number,  6ve 
being  given  off  anteriorly,  and  the  other  from  the  posterior 
portion  of  the  heart. 

Of  the  five  anterior  arteries,  one,  the  ophthalmic,  is  single, 
and  situated  in  the  middle  line  ;  it  passes  for\¥ard  on  the 
stomach  to  the  head,  where  it  supplies  the  eyes  and  anten- 
nules.  The  other  arteries  are  in  pairs  ;  two  pass  on  the 
stomacb  forward  and  outward,  giving  off  branches  to  the 
carapace,  and  eventually  supplying  the  antennae;  the  other 
two  pass  downward,  between  the  anterior  lobes  of  the  geni- 
talia, and  divide  into  a  multitude  of  branches  upon  the  he- 
patic caeca. 

The  posterior  trunk,  or  sternal  artery,  is  the  largest  of 
all,  and  presents  a  sort  of  bulbus  arteriosus  at  its  commence- 
ment. It  turns  almost  directly  downward,  usually  on  the 
right  side  of  the  intestine,  to  the  sternal  canal,  which  it 
enters,  passing  between  the  antepenultimate  and  penultimate 
thoracic  ganglia  to  the  lower  suiiace  of  the  ganglionic  cord  ; 
it  gives  off  two  abdominal  branches,  one  superior,  close  to  its 
origin  from  the  heart,  which  traverses  the  middle  of  the  ter- 
gal region  above  the  intestine,  the  other  inferior,  which  takes 
a  corresponding  course  along  its  sternal  region  beneath  the 
nervous  system.  The  arterial  trunks  are  provided  with  valves 
at  their  commencement,  so  arranged  as  to  prevent  the  regur* 
gitation  of  the  blood.  They  ramify  minutely,  but  how  far  a 
capillary  system  can  be  said  to  exist,  is  a  question  requiring 
further  investigation.  In  transparent  Zocece^  I  have  plainly 
observed  the  abrupt  termination  of  the  arterial  trunks  by 
open  mouths,  through  which  the  blood  was  poured  into  wall- 
less  lacunae,  and  into  the  general  cavity  of  the  body ;  nor  can 
there  be  the  least  doubt  that  a  similarly  lacunar  condition 
of  the  circulation  exists  in  those  lower  adult  Crustacea,  the 
transparency  of  which  allows  of  their  examination  with  the 
requisite  powers  of  the  microscope.  The  probability  is  that 
a  similar  state  of  things  obtains  in  the  vascular  system  of  all 
other  Crustacea,  and  that,  after  undergoing  a  greater  or  less 
amount  of  subdivision,  the  arterial  vessels,  or  their  capillary 
continuations,  cease  to  exist,  the  blood  then  making  its  way 
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into  lacunae  between  the  organs,  and  into  the  general  peri- 
visceral cavity  ;  and,  as  in  most  Mollnsca^  ceasing  to  be  con- 
tained in  vessels  with  distinct  walls. 

The  blood  thus  poured  out  eventually  makes  its  way  into 
irregular  sinuses  or  reservoirs,  the  chief  of  which,  lodged  in 
the  sternal  canal,  communicates  by  lateral  channels  with  oth- 
ers which  lie  above  the  bases  of  the  thoracic  appendages, 
and  from  which  the  afferent  branchial  canals  pass  into  the 
stems  of  the  branchiae,  on  the  exterior  faces  of  which  they 
ascend,  giving  oflF  branches  to  the  lateral  filaments.  Corre- 
sponding canals  return  the  blood  from  these  filaments  to  the 
efferent  branchial  canals,  which  run  down  the  inner  side  of 
the  branchial  stems,  and  unite  above  the  bases  of  the  limbs 
into  six  trunks,  which  ascend  beneath  the  epimera  and  open 
into  the  sides  of  the  pericardial  sinus.  The  floor  of  this 
sinus  is  formed  by  a  continuous  membrane,  which  appears  to 
shut  it  off  completely  from  the  general  visceral  cavity  (at 
least  it  retains  air  or  fluid  thrown  into  it),  and,  if  this  be 
really  tlm  case,  it  may  be  said  to  be  functionally  a  branchial 
auricle,  containing  pure  unmixed  aerated  blood. 

The  branchiae  are  eighteen  in  number  upon  each  side,  and 
are  attached  from  the  eighth  to  the  fourteenth  somites  in- 
clusively. Six  of  these  branchiae  are  attached  to  the  epipo- 
dites  of  the  eighth  to  the  thirteenth  somites,  and  differ  very 
considerably  in  appearance  from  the  other  twelve.  Each 
epipodite  is,  in  fact,  expanded  at  its  upper  extremity  into  a 
broad,  bilobed  membrane,  which  is  folded  upon  itself,  so  that 
the  two  lobes  are  directed  posteriorly,  and  receive  the  epipo- 
dite of  the  next  limb  (Fig.  71,  N).  The  membrane  of  the 
lobes  is  obliquely  plaited,  so  that,  doubtless,  they  subserve 
respiration  to  a  certain  extent  ;  but,  in  addition,  the  anterior 
edge  of  the  epipodite  is  beset  with  a  number  of  branchial 
filaments,  similar  to  those  on  the  other  branchiae. 

The  latter  (Fig.  71,  ibf,/,  g)  are  simple  plumes,  consisting 
of  a  stem,  to  which  are  attached  many  delicate,  cylindrical 
filaments.  Two  of  these  plumes  are  attached  to  the  epimera 
and  coxo-epimeral  articular  membranes  of  the  ninth,  tenth, 
eleventh,  twelfth,  and  thirteenth  somites.  They  increase  in 
size  posteriorly.  The  eighth  and  fourteenth  somites,  on  the 
contrary,  only  caiTy  one  plume.  A  tuft  of  long  byssus-like 
filaments  is  attached  to  the  coxopodite  of  each  of  the  last 
six  thoracic  appendages  (Fig.  71,  F^  M). 

The  respiratory  organs  of  the  Crayfish,  not  being  pro- 
vided with  cilia,  require  some  special  arrangement  for  the 
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renewal  of  the  water  with  which  they  are  in  contact.  This 
object  is  attained  principally  by  the  action  of  the  scapho- 
gnathite,  which  lies  immediately  behind  the  anterior  opening 
of  the  branchial  chamber  ;  and,  during  life,  is  incessantly  in 
motion,  baling  out,  as  it  were,  the  water  which  has  become 
impure  through  the  anterior  opening,  and  thus  compelling 
the  flow  of  fresh  fluid  into  the  branchial  chamber  through  its 
posterior  and  inferior  opening,  constituted  by  the  space  left 
between  the  lower  edge  of  the  branchiostegite  and  the  bases 
of  the  limbs. 

The  nervous  system  of  Astacus  *  is  composed  of  thirteen 
principal  ganglionic  masses,  of  which  one,  cerebral,  lies  in 
the  head,  in  front  of  the  mouth  ;  six,  thoracic,  are  situated 
in  the  sternal  canal ;  and  six,  abdominal,  lie  in  the  median 
sternal  region  of  the  six  anterior  somites  of  the  abdomen. 

The  cerebral  ganglia  (Fig.  74,  b;  Fig.  75,  a)  give  off 
nerves  to  the  eyes  and  to  the  muscles  of  the  ophthalmic 
appendages  ;  to  the  antennules  and  the  auditory  organs 
which  they  contain ;  to  the  antennae  and  the  sac  of  the 
antennary  gland  ;  to  the  carapace  in  front  of  the  cervical 
suture  ;   and,   finally,  they  send   posteriorly  two   long  and 


Pio.  75.— Visceral  nerves  of  Astacus.—a.  cerel)ral  gani^Ua  ;  6,  comtniaen  res— that  of 
the  right  side  is  cut  and  tamed  back ;  e.  fransvarae  cord  aniting  them  behind 
the  oeeophaffDS,  (E:  rf,  rf,  d,  azygos  nerve  ;  A,  ganglion ;  i,  lateral  branch  of 
azygos,  aniting  with  postero-lateral  nerve  g  ;  «,  antero  lataral  nerve  ;  f,  medio- 
lateral  nerve;  «,  hepatic  nerve  ;  P,  pyloric;  C,  cardiac  po.tioa  of  stomach. 

stout  commissural  cords  to  the  anterior  thoracic  ganglionic 

mass.     These  commissures   are   connected  bv  a   transverse 

%/ 

*  For  the  histology  of  the  nervous  system,  see  an  elaborate  essay  by 
Haeckel  on  the  minute  structure  of  the  tissues  of  the  Crayfish,  in  the  '  Archiv 
for  Anatomie,"  1857. 
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cord  immediately  behind  the  oesophagus  (Fig.  75,  c).  The 
size  and  form  of  the  anterior  thoracic  ganglion  would  lead  to 
a  suspicion  of  the  complex  nature  which  development  shows 
it  to  possess.  It  supplies  the  somites  and  their  appendages 
from  the  fourth  to  the  ninth  inclusively,  and  sends  forward 
delicate  filaments  to  the  oesophagus. 

Posteriorly  it  is  connected  with  the  ganglionic  mass  of 
the  tenth  somite  by  two  commissures,  and  the  other  thoracic 
ganglia  are  similarly  brought  into  communication,  the  com* 
missures  of  the  ultimate  and  penultimate  only  being  remark* 
able  for  their  brevity.  The  abdominal,  which  are  much 
smaller  than  the  thoracic  ganglia,  are,  with  the  exception  of 
the  last  two,  united  by  single  cords,  which  represent  coa- 
lesced double  commissures.  Each  of  these  ganglia  supplies 
the  muscles  and  the  appendages  of  the  somite  to  which  it 
belongs,  and  the  posterior  abdominal  ganglion  sends  branches 
into  the  telson. 

The  Cra3'fish  possesses  a  remarkably  well-developed  sys- 
tem of  visceral  or  stomatogastric  nerves,  which  has  been  the 
subject  of  special  study  by  Brandt,  Milne-Edwards,  Kjrohn, 
and  Schlemm,  each  of  whom  has  described  a  larger  or  smaller 
portion  of  the  system  with  accuracy,  but  hjis  omitted  to  men- 
tion, or  has  denied,  the  existence  of  some  other  part.  Each 
of  the  great  commissures  (Fig.  75,  ft),  as  it  passes  over  the 
sides  of  the  oesophagus,  becomes  slightly  swollen,  and  from 
the  enlargement  four  nerves  arise  ;  one,  external,  passes 
toward  the  mandibular  muscles  ;  a  second  postero-lateral 
branch  (Fig.  75,  g)  runs  upward  and  backward  to  the  infero- 
lateral  regions  of  the  stomach,  and  eventually  enters  into  the 
composition  of  the  hepatic  nerve  {k)  ;  a  third  branch  {f) 
turns  directly  inward  and  upward,  and  unites  upon  the 
oesophagus  with  its  fellow  and  with  an  azygos  nerve  (J), 
which  passes  up  in  the  middle  line  of  the  anterior  face  of  the 
oesophagus  and  stomach,  and  enters  a  ganglion  placed  be- 
tween the  anterior  gastric  muscles  (A),  from  whence  a  lateral 
branch  is  given  off  on  each  side,  while  a  posterior  median 
branch  {d)  continues  the  direction  of  the  azygos  nerve. 
Having  reached  the  cardiac  ossicle,  this  nerve  divides  into 
two  branches  (*),  each  of  which  passes  downward  and  out- 
ward, unites  with  the  postero-lateral  nerve  of  its  side,  and 
thus  forms  the  hepatic  nerve  {k),'  The  fourth  and  last,  or 
antero-lateral  branch  (e),  descends  at  first  to  near  the  mouth, 
and  then,  curving  forward,  ascends  to  unite  on  the  anterior 
face  of  the  oesophagus  with  tlie  anterior  continuation  of  the 
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azygos  nerve,  which  passes  forward  and  upward  and  enters 
the  cerebral  mass.  I  am  inclined  to  think  that  this  part  of 
the  azygos  nerve  forms  a  portion  of  a  fine  plexus  of  nervous 
filaments  which  pass  from  the  cerebral  ganglia  backward  to 
the  lining  membrane  of  the  carapace  ;  but  the  dissection  of 
these  fine  filaments,  and  the  demonstration  of  their  conti- 
nuity, is  a  matter  of  no  ordinary  diflBculty. 

The  intestine  is  supplied  hy  two  nerves  which  aiise  from 
the  last  abdominal  ganglion,  and  unite  into  a  single  trunk, 
from  which  small  branches  are  given  off  backward,  and  two 
principal  ones  forward,  which  supply  the  greater  part  of  the 
intestine.  According  to  Brandt,  the  genitalia  receive  branches 
of  the  fourth,  fifth,  and  sixth  thoracic  ganglia. 

The  only  certainly  known  organs  of  sense  in  Astacus  are 
the  eyes  and  the  auditory  organs.  The  eyes  are  seated  at 
the  extremities  of  the  ophthalmic  peduncles,  the  integument 
of  the  outer  extremity  of  which  becomes  translucent  over  a 
reniform  space,  and  constitutes  the  corneal  membrane.  This 
membrane  is  divided  into  a  great  number  of  minute  quadri- 
lateral facets,  each  of  which  corresponds  with  the  base  of  a 
crystalline  cone.* 

The  upper  face  of  the  trihedral,  proximal,  and  largest 
joint  of  the  antennule  presents  an  oval  space,  covered  by  a 
broad  brush  of  complex  hairs  having  their  points  all  directed 
inward.  On  cutting  these  hairs  away  close  to  their  bases, 
however,  it  is  seen  that  they  cover  an  aperture,  wider  above 
than  below,  and  about  one-sixteenth  of  an  inch  long.  The 
hairs  are  attached  to  the  outer  lip  of  this  aperture,  and  some 
are  directed  so  as  to  lie  within  the  inner  lip,  but  the  majority 
cover  it.  A  good-sized  bristle  passes  with  great  ease  into 
this  aperture,  and  if  the  inner  and  outer  walls  of  the  basal 
joint  of  the  antennule  be  now  removed,  and  the  soft  parts 
carefully  dissected  away,  the  end  of  the  bristle  will  be  seen 
to  have  passed  into  a  wide  delicate  sac  about  one-twelfth  of 
an  inch  long,  which  is  attached  by  a  narrower  neck  round 
the  aperture,  the  lips  of  which  are  continuous  with  its  walls. 
The  sac  is  filled  with  minute  sandy  particles,  suspended  in  a 
mucous,  dirty-looking  fluid,  and  when  emptied  of  these  con- 
tents a  band,  consisting  of  several  lines  of  very  fine  hairs, 
like  those  which  guard  the  mouth  of  the  sac,  but  more  deli- 

»  Mr.  E.  T.  Newton's  careful  description  of  the  eye  of  the  Lobster  in  The 
Quarterly  Journal  of  Microscopical  Science  for  1875,  to  which  I  have  referred 
above,  may  be  taken  as  a  guide  to  the  study  of  the  minute  structure  of  the  eye 
in  the  Crayfish. 
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cate,  is  seen  to  skirt  its  inner  contour.  The  hairs,  projecting 
inward,  come  into  close  contact  with  the  solid  particles  sus- 
pended in  the  mucous  fluid. 

A  nerve  may  be  traced  accompanying  the  antennulary 
nerve  to  the  sac,  and  appears  to  be  distributed  principally 
along  the  setigerous  band,  so  that  the  extremities  of  the 
nerve  fibrils  come  into  close  relation  with  the  bases  of  the 
hairs.  Some,  if  not  all,  of  the  sandy  particles  are  insoluble 
in  strong  acetic  acid,  and  would  appear  to  be  siliceous/ 

Two  glandular  sacs  commonly  known  as  the  green  glands^ 
which  were  formerly  regarded  as  the  auditory  organs,  lie  in 
the  cavity  of  the  head.  An  aperture  is  visible  on  the  inner 
or  oral  side  of  a  conical  prominence,  upon  the  inferior  portion 
of  the  coxal  joint  of  the  antenna.  A  bristle  passed  into  this 
aperture  enters  a  large  but  very  delicate  and  transparent 
sac,  filled  with  a  clear  fluid,  which  is  usually  conspicuous  on 
each  side  of  the  anterior  end  of  the  stomach,  when  the  cara- 
pace is  carefully  removed.  A  nerve  which  comes  off  from 
the  cerebral  mass  close  to  the  antennary  nerve,  passes  to  the 
neck  of  this  vesicle,  and  is  distributed  over  its  surface  be- 
tween the  outer  and  inner  membranes,  of  which  it  is  com- 
posed. Inferiorly  the  vesicle  rests  upon  a  large  greenish,  ap- 
parently glandular  mass,  but  is  directly  connected  with  the 
latter  only  at  two  points,  firstly  by  a  vascular  cord,  which 
passes  to  the  central  and  usually  more  yellow  portion  of  the 
gland,  and  secondly  by  a  short  neck-like  continuation  of  the 
sac  itself,  which  is  attached  over  a  small  circular  space,  mid- 
way between  the  centre  and  the  periphery  of  the  gland,  and 
opens  into  the  circular  principal  duct  of  the  gland.  There  is, 
therefore,  a  free  communication .  between  the  cavity  of  the 
gland  and  the  exterior  by  means  of  the  sac,  which  is,  in  this 
respect,  simply  a  dilated  duct.  A  section  of  the  gland  shows 
it  to  be  composed  of  two  subtances,  a  central  and  a  cortical. 
The  latter  is  composed  of  minute  caeca,  filled  with  a  homo- 
geneous gelatinous  matter,  containing  many  large  nuclei ; 
the  former  is  traversed  in  all  directions  by  large  canals,  so  as 
to  have  a  spongy  appearance.  The  caeca  open  into  the  ulti- 
mate ramifications  of  the  canals,  and  the  spongy,  lung-like 
texture  of  the  central  mass  seems  to  arise  merely  from  the 
very  free  anastomosis  of  their  larger  branches,  which  event- 


>  8ee,  for  a  fiill  account  of  the  minute  structure  of  the  auditory  organs  in 
the  higher  Crustacea^  Hensen^s  '^Studien  tiher  das  Gehdrorgan  der  Deoa- 
poden,"  1868. 
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ually  enter  the  circular  canal  which  communicates  with  the 
vesicle. 

There  is  little  in  these  structural  features  to  suggest  an 
organ  of  special  sensation,  but  much  to  show  that  the  green 
mass  is  a  secreting  organ,  and  that  the  vesicle  acts  (whatever 
other  purposes  it  may  subserve)  as  its  duct.  In  all  proba- 
bility the  green  gland  is  an  organ  of  the  same  nature  as  the 
shell  gland  of  the  Entomostraca. 

Leydig  has  attributed  an  olfactory  function  to  certain 
groups  of  delicate  setse  which  occur  on  the  joints  of  the  outer 
division  of  the  antennule  of  the  Crayfish. 

The  most  remarkable  part  of  the  muscular  system  of  the 
Crayfish  is  the  great  extensor  muscle  of  the  abdomen,  a  com- 
plex mass  of  fibres  which  is  attached  in  part  to  the  endo- 
pbragms  of  the  thorax  in  front,  and,  behind,  to  the  sterna  of 
the  abdominal  somites,  a  large  part  of  the  cavity  of  which  it 
occupies.* 

The  essential  parts  of  the  reproductive  organs  in  the  male 
and  female  Ast(XGii%  are  very  similar  to  one  another  in  form, 
both  ovarium  and  testis  having  the  figure  of  a  trilobed  gland, 
situated  immediately  behind  the  stomach,  and  below  the 
heart.  Two  of  the  lobes  are  applied  together,  and  pass  for- 
ward; the  other  lobe  is  directed  in  the  middle  line  back- 
ward. The  ducts  take  their  origin,  one  on  each  side,  at  the 
junction  of  each  antero-lateral  with  the  posterior  lobe. 

In  minute  structure,  however,  the  two  organs  differ  widely. 
Each  lobe  of  the  testis  is  composed  of  a  number  of  small 
csBca,  in  which  the  spermatozoa  are  developed,  and  which 
open  into  a  central  duct.  The  ovarium,  on  the  other  hand,  is 
essentially  a  wide  sac,  produced  into  three  large  caeca,  each 
of  which  corresponds  with  a  lobe  ;  and  the  ova  are  developed 
in  the  epithelial  lining  of  the  sac.  The  efferent  ducts,  again, 
have  little  resemblance,  the  oviducts  being  short,  wide  tubes 
which  open  on  the  coxopodites  of  the  antepenultimate  thora- 
cic appendages,  while  the  vasa  deferentia  are  cailals  as  long 
as  the  body,  at  first  very  narrow,  but  afterward  widening, 
which  lie  coiled  up  on  either  side  of  the  posterior  part  of  the 
thoracic  cavity,  where  their  white  contents  make  them  very 
conspicuous  (Fig.  74,  ^/i').  Eventually,  they  open  on  the 
coxopodites  of  the  posterior  thoracic  appendages. 

The  spermatozoa,  like  those  of  many  other  Crustacea^  are 

» For  details.  8ee  Suckow,  "  Anatomisch-physiologlsohe  Untereuchunffen.'* 
Milne-Edwards  lias  described  the  muscles  of  the  Lobster  at  length  in  the  ^^  His- 
toire  naturelle  des  Crustac^s,"  torn.  i. 

13 
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motionless,  and  have  the  form  of  cells,  provided  with  a  nu- 
cleus and  prbduced  into  several  delicate  radiating  processes. 
They  are  united  in  their  course  down  the  vas  deferens  into 
cylindrical  masses,  which,  becoming  invested  by  a  fine  mem- 
branous coat,  probably  secreted  by  the  waUs  of  that  duct, 
constitute  the  spermatophores,  which  may  not  unfrequently 
be  found  adhering  to  difterent  parts  of  the  body,  not  only  of 
female  but  of  male  Crayfish. 

The  ova  are  fecundated  while  still  within  the  parent ;  tliey 
become  suiroucided,  in  their  passage  down  the  oviduct,  by  a 
coat  corresponding  with  that  of  the  spermatophore,  which  is 
produced  into  a  pedicle,  the  extremity  cf  which  becomes  at- 
tached to  one  or  other  of  the  abdominal  appendages.  Great 
numbers  of  ova,  attached  in  this  way,  may  be  observed,  dur- 
ing the  breeding-season,  within  the  incubatory  chamber  formed 
by  the  flexure  of  the  abdomen  upon  itself;  and  it  is  in  this 
cavity  that  the  embryos  pass  through  the  whole  of  their  foetal 
existence. 

The  development  of  the  Crayfish  has  been  the  subject  of 
one  of  the  most  beautiful  of  the  many  admirable  memoirs  on 
development,  for  which  we  are  indebted  to  the  genius  and 
patience  of  Rathke.'  After  fecundation  a  blastoderm  arises 
upon  the  surface  of  the  yelk,  and,  gradually  extending  over 
the  whole  yelk,  becomes  thickened  at  one  part,  so  as  to  form 
an  oval  germinal  disk,  with  a  central  depression. 

This  disk  next  becomes  widened  and  bilobed  at  its  ante- 
rior extremity,  the  lobes  being  identical  with  the  procephalic 
lobes,  to  be  hereafter  described  in  the  embryo  of  Mysia.  The 
edges  of  the  disk  are  raised  into  a  fold,  and  within  the  fold  a 
papilla,  the  rudiment  of  the  abdomen,  and  of  the  greater  part 
if  not  of  the  whole  of  the  thorax,  makes  its  appearance  ;  while, 
anteriorly,  three  pairs  of  transverse  elevations  constitute  the 
rudiments  of  the  antennules,  the  antennae,  and  the  mandibles. 
The  labrum  arises  as  a  median  papilla,  situated  at  Brst  be- 
tween the  antennules.  The  ocular  peduncles  are  next  devel- 
oped in  front  of  the  antennules  as  ridges,  which  only  subse- 
quently become  free  processes. 

The  thoracico-abdominal  process  lengthens,  and  the  anal 
aperture  makes  its  appearance.  It  is  to  be  remarked  that 
the  anus  is  at  first  situated  on  the  dorsal  side  of  the  extremity 

» *'  Ueber  die  Bildung  und  Entwickelung  des  Flusskrebses,"  Bd.  29.  See 
Ii]bo  Lereboullet,  "Recherches  d'Embiyologie  compar^e  sur  le  lL)6veloppement 
du  Brochet  de  la  Perohe  et  de  PEcrevisse,"  1862 ;  and  the  account  of  Bobret- 
sky's  researches  in  Uofmanu  and  Schwalbe,  ^^  Jahresbericht "  for  1878  (1876). 
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of  the  abdomen,  and  that  there  is  no  telson.  This  is  devel- 
oped only  at  a  much  later  period  from  the  dorsum  of  the  end 
of  the  abdomen,  and,  by  its  outgrowth,  forces  the  anus  to 
the  ventral  side  of  the  ^K)dy. 

Id  the  mean  while,  the  oral  aperture  is  developed  behind 
the  labrum,  which  moves  backward ;  while  the  maxillte,  max- 
illipedes,  and  ambulatory  feet  appear  in  succession  us  eleva- 
tions or  ridges  of  the  substance  of  the  embryo,  which  are,  at 
first,  all  alike,  and  gradually  become  s[)ecialized  into  their 
ultimate  forms. 

When  these  appendages  first  appear,  the  maxillaa  and  first 
pair  of  maxillipedes  are  attached  to  the  embryo  in  front  of 
the  thoracico-abdominal  process,  the  second  maxillipedes  lie 
in  the  angle  between  them,  and  the  third  maxillipedes  and 
following  appendages  are  attached  to  the  sternal  surface  of 
the  thoracico-abdominal  process  itself;  and,  as  this  process  is 
at  first  bent  forward  upon  the  rest  of  the  germ,  it  follows  that 
the  appendages  attached  to  it  look  upward,  while  those  at- 
tached to  the  anterior  part  of  the  embryo  look  downward. 
As  development  proceeds,  however,  the  embryo  gradually 
straightens  itself,  more  and  more  of  the  anterior  part  of  the 
thoracico-abdominal  process  becoming  continuous  in  direction 
with  the  anterior  part  of  the  embryo ;  until,  at  length,  the 
whole  of  the  cephalo-thoracic  portion  forms  a  convex  surface, 
parallel  with  the  vitellary  membrane,  only  the  abdomem  re- 
maining bent  upon  the  oephalo-thorax.  The  middle  portion 
of  the  carapace  is  formed  by  the  continuous  calcification  of 
the  dorsal  walls  of  the  cephalo-thorax  of  the  embryo.  Its 
pleura  are  developed  as  two  distinct  folds,  one  of  which,  the 
rudiment  of  the  branchiostegite,  encircles  the  embryo  poste- 
riorly, and  extends  forward  on  each  side  as  far  as  the  mandi- 
bles; while  the  other,  the  rudiment  of  the  rostrum,  and  an- 
terior cephalic  pleura,  is  developed  in  front  of  the  eyes,  and 
extends  on  each  side  to  meet  the  former.  Rathke's  clear  ac- 
count of  this  matter  is  in  perfect  accordance  with  what  I  have 
observed  in  Mysis^  and  shows  conclusively  that  the  carapace 
is  not  developed  from  any  one  or  two  somites  in  particular, 
but  that  its  tergal  portion  corresponds  with,  and  is  formed  by, 
the  terga  of  all  the  cephalo-thoracic  somites,  while  the  bran- 
chiostegites  and  rostrum  are  developments  of  the  lateral  por- 
tions of  all  these  somites;  in  fact,  represent  their  pleura, 
which,  like  the  terga,  are  connate  and  continuously  calcified. 

The  appendages  are  thus,  at  first,  similar  to  one  another, 
and  each  consists  of  a  ridge  which  eventually  takes  the  form 
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of  a  plate,  free  at  the  outer  end.  This  plate,  in  all  the  mem- 
bers, except  the  ophthalmic  peduncles  and  the  mandibles, 
then  becomes  bilobed  externally,  the  inner  lobe  representing 
the  endopodite,  while  the  outer  is  the  representative  of  the 
exopodite  and  epipodite.  The  two  latter,  when  they  are  in- 
dependently developed,  become  separated  by  the  division  of 
the  outer  lobe.  The  gills  arise  partly  as  outgrowths  from 
the  epipodites,  partly  as  distinct  processes  from  the  parts  to 
which  they  are  eventually  attached.  The  division  of  the 
limbs  into  articulations  takes  place  from  their  distal  toward 
their  proximal  ends.  The  heart  appears  late,  at  the  posterior 
extremity  of  the  cephalo-thorax,  and  therefore  behind  the 
yelk -sac. 

The  nervous  system  of  the  post-oral  portion  of  the  ceph- 
alo-thorax  consists  at  first  of  eleven  pairs  of  ganglia,  cor- 
responding with  the  mandibles,  maxillae,  maxillipedes,  and 
ambulatory  legs.  The  six  anterior  post-oral  ganglia  of  each 
side  soon  coalesce  in  pairs,  so  as  to  form  as  many  single  gan- 
glia ;  and  of  these  the  four  anterior,  namely,  the  mandibular, 
the  two  maxillary,  and  the  first  maxillipedar}'-  ganglia,  unite 
into  a  single  mass ;  the  two  hinder  ganglia,  that  is  to  say, 
those  of  the  second  maxillipedary  somite,  next  coalesce  m 
the  same  way,  and  it  is  only  subsequently  that  the  two  masses 
thus  formed  become  fused  into  the  single  anterior  post-oral 
ganglion  of  the  adult.  The  other  ganglia  not  only  remain 
separate,  but  become  wider  apart  with  advancing  age.  A 
ridge  on  each  side  of  the  oesophagus  at  first  represents  the 
cerebral  ganglion  and  the  commissural  cords,  the  latter  being 
developed  out  of  the  posterior  part  of  the  ridge,  and  the  for- 
mer from  its  anterior  portion.  The  cerebral  ganglia  are  at 
first  two  on  each  side,  but  the  posterior,  whence  the  nerves  to 
the  antennary  organs  proceed,  is  much  larger  than  the  other, 
and  would  appear  to  represent  two  ganglia.  The  endoster- 
nites  arise  as  processes  from  each  of  the  eight  posterior  ceph- 
alo-thoracic  sterna,  which  eventually  arch  over  the  gangli- 
onic cord,  and  unite  with  one  another. 

The  alimentary  canal  is  produced  by  the  gradual  difl^eren- 
tiation  and  demarcation  of  the  sternal  part  of  the  hypoblast, 
which  invests  the  whole  yelk,  from  the  tergal  part,  which  be- 
comes the  velk-sac* 

>  According  to  Bobretsky  (/.  c.)  there  is  no  proper  yelk-sac,  the  structure  so 
termed  by  Bathke  beinff  the  saccular  hypoblast,  which  is  formed  by  invagina- 
tion of  the  primitive  blastodenn,  and  encroaches  upon  the  vitellus,  until  the 
latter  is  all  absorbed.  The  hypoblaatic  sac  is  converted  into  the  liver  and  the 
intestine.    The  stomach  arises  independently  by  invagination  of  the  epiblast. 
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After  the  liver,  genitalia,  and  antennary  glands  are  de- 
veloped, the  yelk-sac  eventually  becomes  reduced  to  a  small 
csecal  diverticulum,  situated  at  the  pyloric  end  of  the  stom- 
ach. The  genital  ducts  in  both  males  and  females  are  origi- 
nally diverticula  from  the  corresponding  regions  of  the  geni- 
tal glands ;  their  external  apertures  and  the  copulatory  ap- 
pendages of  the  first  abdominal  somites  in  the  male  are  not 
developed  until  some  time  after  birth. 

The  modifications  of  structure  observable  within  the  limits 
of  the  Podophthalmia  are  exceedingly  interesting. 

Excluding,  for  the  present,  the  8quiUidcBy  the  group  is 
divisible  on  clear  morphological  grounds  into  the  following 
subdivisions  :  1.  The  Brachyura ;  2.  The  Anomura  ;  3.  The 
MoLcrura ;  4.  The  Schizopoda. 

The  morphological  relations  of  the  Macrura  are  nearly 
such  as  are  indicated  by  their  position  in  this  series ;  and 
Astacus^  as  a  central  genus  of  the  central  group,  thus  be- 
comes a  sort  of  natural  centre  for  the  whole  of  the  JPodoph- 
thalmiay  whence  we  may  trace  a  gradual  series  of  modifica- 
tions, leading  on  the  one  hand  to  the  Schizopoda^  with  their 
large  abdomen  and  small  cephalo-thorax ;  and  on  the  other  to 
the  Brachyura^  with  their  rudimentary  abdomen  and  com- 
paratively enormous  cephalo-thorax. 

In  all  the  Macrura  the  branchiae  are  numerous,  and  are 
covered  by  the  branchiostegites.  The  abdomen  is  large,  and 
is  used  as  a  locomotive  organ,  the  appendages  of  its  sixth 
somite  being  well  developed.  The  thoracic  ganglia  usually 
form  an  elongated  chain,  and  the  external  maxillipedes  never 
form  broad  opercular  plates  over  the  other  jaws.  In  some  of 
the  lower  Macrura  (Peneus^  Pa^iphdea)  the  exopodite  per- 
sists as  an  appendage  at  the  base  of  the  thoracic  limbs ;  and 
in  two  genera,  Sergestes  .and  Acetes,  the  posterior  thoracic 
members  become  rudimentary,  or  even  entirely  abortive, 
though  the  abdominal  appendages  remain. 

In  the  higher  Macrura^  such  as  Palinurus^  the  nervous 
system  exhibits  a  greater  degree  of  concentration,  the  tho- 
racic ganglia  constituting  an  elongated  oval  mass  ;  and  it  is 
in  this  genus  and  its  allies  that  the  head  and  its  appendages 
exhibit  modifications,  which  prepare  us  for  those  which  are 
presented  by  the  Brachyura.  In  this  respect  the  Palinnrua 
vulgaris  (Rock  Lobster,  Sea  Crayfish,  or  Spiny  Lobster)  is 
particularly  worthy  of  attention.  The  rostrum  is  rudimentary 
and  represented  by  a  mere  spine,  leaving  the  anterior  cephalic 
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somites  uncovered.  The  cephalic  flexure  is  so  strong  as  to 
throw  the  ophthalmic  sternum,  which  is  very  wide,  completely 
to  the  top  of  the  head.  The  basal  joints  of  the  antennaS)  or 
coxocerites,  are  enormous,  fixed  to  the  surrounding  parts,  and 
united  by  their  anterior  extremities  in  the  middle  line  below. 
Superiorly,  they  seemed  to  have  coalesced  with  the  antennu- 
lary  sternum,  so  a3  to  form  a  projecting  wedge-shaped  mass, 
which  separates  the  antennules  from  the  ophthalmic  sternum,, 
and  causes  them  to  appear,  at  first,  as  if  they  were  inferior 
to  the  antennas.  In  this  genus,  the  basicerite,  ischiocerite, 
and  merooerite  are  much  thicker  and  stronger  than  the  cor- 
responding joints  of  any  of  the  other  appendages ;  and  in  the 
closely  allied  Scyllarua^  the  facial  region  of  which  is,  on  the 
whole,  similarly  constructed,  these  joints  become  extremely 
expanded  and  flattened,  and  are  succeeded  by  no  procerite. 
In  these  genera  the  scaphocerite,  or  squame,  usually  attached 
to  the  base  of  the  antenna,  is  absent ;  and,  in  ScyUarua^  there 
is  another  approximation  to  Brachyuran  structure  in  the  ex- 
istence of  distinct  orbits,  formed  by  a  lobe  of  the  carapace, 
which  descends  on  the  inner  side  of  the  ocular  peduncle,  to 
meet  the  base  of  the  antenna.  No  median  septum  is  formed 
by  the  rostrum,  however,  nor  are  the  antennules  capable  of 
being  folded  back  into  distinct  chambers  in  any  Macruran  at 
present  known. 

The  Anomura  are  so  completely  intermediate  in  structure 
between  the  Macrura  and  the  Brachyura^  that  they  need  not 
be  specially  noticed,  except  to  draw  attention  to  the  singular 
deviation  from  the  ordinary  habits  and  form  of  the  higher 
Crustaceans,  presented  by  the  Paguridm,  or  Hermit  Crabs, 
so  common  on  all  coasts.  Essentially  Macruran  in  their  or- 
ganization, these  Cntstcbcea  are  distinguished  from  all  true 
Macrura  by  the  uncalcified  and  soft  condition  of  the  integu- 
ment of  their^  unsymmetrical  abdomen,  the  appendages  of 
which  are  for  the  most  part  abortive,  those  of  the  sixth  somite 
being  modified  so  as  to  serve  as  claspers.  It  is  by  means  of 
these  that  the  Hermit  Crab  retains  firm  hold  of  the  columella 
of  the  empty  gasteropod  shell  into  which  it  is  his  habit  to 
thrust  his  unprotected  abdomen,  and,  covering  over  his  re- 
tracted body  with  the  enlarged  chela,  which  takes  the  place  of 
an  operculum,  resists  all  attempts  at  forcible  extraction. 

The  internal  structure  of  the  Srachyura  is,  on  the  whole, 
similar  to  that  of  the  Macrura  ;  but  the  thoracic  ganglia  have 
coalesced  to  a  much  greater  extent  than  in  AstacuB^  forming 
a  single  rounded  mass.     The  branchise  are  few,  never  exceed* 
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ing  nine  on  each  side,  and  sometimes  not  more  than  seven. 
The  branchiostegite  fits  closelj'  down  upon  the  bases  of  the 
four  posterior  pairs  of  thoracic  limbs,  and  sometimes  incloses 
a  space  which  is  very  large  in  proportion  to  the  branchiae. 
This  is  particularly  the  case  in  the  Land  Crabs  (  Gecarcinus)^ 
where  the  spacious  branchial  chamber  is  lined  by  a  thick  and 
vascular  membrane,  which,  in  these  almost  wholh'  terrestrial 
Crustacea^  either  takes  on  to  some  extent  the  respiratory 
function,  or  serves  to  keep  the  air  within  the  branchial  cham- 
ber saturated  with  moisture. 

The  abdomen  in  the  Brachyura  is  comparatively  small ; 
its  sixth  somite  possesses  no  appendages ;  and  the  others,  if 
they  exist  at  all,  subserve  only  a  sexual  purpose,  the  two  an- 
terior pairs  commonly  forming  accessory  copulatory  organs 
in  the  male ;  while,  in  the  female,  so  many  of  these  append- 
ages as  remain  give  attachment  to  the  ova,  which  are  carried 
about  until  hatched,  between  the  thorax  and  the  abdomen, 
which  is  bent  up  against  it.  The  female  ^racAywra  also  pos- 
sess a  spermatheca  attached  to  each  oviduct,  which  is  absent 
in  the  Macrura  /  and,  in  this  sex,  the  abdomen  is  larger  and 
broader  than  in  the  males.  In  accordance  with  the  rudimen- 
tary condition  of  this  part  of  the  body,  the  abdominal  gan- 
glia are  represented  only  by  a  cord,  which  proceeds  from  the 
posterior  part  of  the  great  thoracic  mass.  It  is  in  the  con- 
struction of  their  skeleton,  however,  that  the  Brachyura 
present  the  most  interesting  deviations  from  the  Macrura^ 
Thus,  if  we  select  the  common  Shore-crab,  Carcin/us  nicenaa 
(Fig.  76),  as  a  typical  example  of  a  Brachyuran,  we  find  that 
the  carapace  is  a  wide  shield,  broader  than  long,  having  a 
somewhat  pentagonal  shape,  and  bent  sharply  inward  at  the 
sides,  instead  of  taking  an  even  sweep  down  to  the  base  of 
the  legs.  It  is  in  such  close  contact  with  the  four  posterior 
pairs  of  thoracic  limbs  as  to  leave  no  passage  or  aperture 
such  as  exists  in  Astacns^  the  only  inlet  for  the  water  required 
for  respiration  being  placed  above  the  basal  joints  of  the  che- 
late anterior  ambulatory  limbs.  The  edges  of  the  carapace  pass 
completely  in  front  of  the  basis  of  the  limbs,  and  then  turn  sud- 
denly forward,  parallel  with  one  another  and  with  the  axis  of 
the  body,  as  the  pterygostomial  plates  of  Milne-Edwards,  to 
join  the  antennary  sternum,  which  is  very  wide,  but  short  from 
before  backward.  The  space  included  between  the  edges  of 
the  pterygostomial  plates  and  the  antennary  sternum  is  the 
**  cadre  buccal,"  or  peristome;  the  antennary  sternum  itself 
receives,  as  in  the  Astacus^  the  specific  appellation  of  ept- 
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stoma  ;  and  the  plate  which  stretches  backward  and  supports 
the  labrum,  witlun  its  posterior  forked  boundary,  is  the  en- 
dostoma. 

The  middle  of  the  dorsal  surface  of  the  carapace  is  marked 
somewhat  nearer  its  posterior  than  its  anterior  boundary  by 
a  short  transverse  depression,  which  is  continued  on  each  side 
forward  and  outward,  and  then  curves  directly  outward  to  the 
edge  of  the  carapace  (Fig.  76,  ca).  Further  than  this  I 
cannot  trace  this  homologue  of  the  cervical  groove  of  Astacus, 


Fig.  76.— Of  the  two  upper  flgures,  the  left  represents  the  dorsal  surface  of  the  cara- 
pace of  Carcinus  momaa :  /,  routrum ;  o,  orbit ;  c»,  cervical  groove ;  ej,  epigastric 
lobe;  0r^  protogastric ;  gr*, mesogastric ;  g*,  hypogastric;  flr^,  urogastricic,  c^,  an- 
terior and  posterior  cardiac ;  h,  hepatic ;  ft",  o»,  o«,  epibranchial,  mesobraocbial 
and  metabranchial  lobes.  The  lower  figure  represents  a  ventral  view  of  the  an- 
terior half  of  the  same  carapace :  a,  rostral  septum ;  6,  antennary  sternum  ;  c, 
suture  between  these ;  d,  supraciliary  lobe ;  «,  internal  suborbitar  lobe ;  /,  anten- 
na ;  Qy  articular  cavity  for  the  ophthalmic  peduncle  ;  A,  the  same  for  the  anten- 
nnle ;  o,  orbit ;  aA,  subhepatic  region ;  ep,  anterior  pleural  region.  The  right- 
hand  upper  figure  gives  a  side-view  of  the  carapace  oi  Stenorhynchus  phalangwmj 
the  common  *^spiaer-crab : "  o.  orbit ;  /^/^  rostrum ;  a/,  aiitcnnule  ;  at,  antenna ; 
ep,  eplstoma. 

Elevations  and  depressions  upon  the  surface  of  the  carapace 
in  front  of  the  cervical  groove,  which,  as  in  Astacus^  is  com- 
posed of  the  connate  terga  of  the  six  cephalic  somites,  mark 
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it  out  into  certain  definite  regions  of  considerable  systematic 
importance.  An  irregular  transverse  depression,  crossing  the 
carapace  near  the  anterior  margin,  bounds  an  anterior  or  fa- 
cial region,  divided  into  a  middle  frontal  lobe  (/),  and  lateral 
orbital  lobes  ^o),  from  a  posterior,  much  larger,  gastro-hepatic 
area,  divided  into  small  lateral  hepatic  lobes  (A),  and  a  large 
complex  gastric  lobe  (^',  ^,  etc.).  The  latter  is  again  sub- 
divided into  two  epigastric  lobes  (^*),  two  protogastric  lobes 
g*)y  a  median  mesogastric  lobe  (^'),  two  metagastric  lobes 
g  )^  and  two  urogastric  lobes  (^*),  making  altogether  nine 
subordinate  divisions.  The  gastric  lobes  correspond  in  a  gen- 
eral way  to  the  stomach  ;  the  hepatic  lobes,  to  a  portion  of 
the  liver.  The  region  behind  the  cervical  suture  consists  of 
the  connate  terga  of  the  eight  thoracic  somites ;  it  is  divided 
by  two  strong  longitudinal  grooves,  the  branchio-cardiac 
grooves,  into  a  middle  region,  corresponding  with  the  heart, 
and  two  lateral  regions,  forming  the  roof  of  the  branchial 
chamber.  A  transverse  depression  divides  the  middle  region 
into  an  anterior  and  a  posterior  cardiac  lobe,  while  the  bran- 
chiai  region  is  subdivided  into  epibratichial  (b^)y  mesobran- 
chicU  (5*),  and  metabranchial  (b*)  lobes. 

On  turning  to  the  inflected  inferior  portion  of  the  cara- 
pace, a  sutural  line  or  groove  is  seen  running  from  the  epi- 
storaa,  outward  and  backward,  very  nearly  reaching  the  outer 
edge  of  the  carapace,  opposite  its  external  angle,  and  then 
sweeping  backward  parallel  with,  and  but  little  distant  from, 
its  postero-lateral  boundary,  until  it  cuts  its  posterior  edge. 
The  portion  of  the  carapace  internal  to.  this  sutural  line  is 
called  by  Milne-Edwards  the  inferior  branchiostegite^  and  is 
considered  by  him  to  be  composed  of  an  anterior  (ep)  and 
posterior  epimeral  piece,  corresponding  with  the  subhepatic 
{sh)  and  subbranchial  regions  of  the  surface  of  the  carapace 
between  the  suture  and  the  line  of  inflection.  I  cannot 
regard  these  parts,  however,  as  having  any  relation  with  the 
true  epimera.  The  suture,  or  rather  groove,  seems  rather  to 
correspond  with  that  which  marks  off  the  pleuron  from  the 
rest  of  the  somite  in  Astacus. 

The  anterior  cephalic  somites  in  Carcimis  have  under- 
gone some  singular  modifications,  whereby  their  true  relations 
are  greatly  obscured.  The  broad  trilobed  plate  (Fig.  76,  /') 
corresponds  with  the  elongated  rostrum  oi  Astacus  ;  inferiorly 
it  is  produced  in  the  median  line  into  a  strong  ridge  or  sep- 
tum, the  lower  and  posterior  edge  of  which  is  convex,  and 
fits  closely  into  the  concavity  formed  by  the  antennulary  and 
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ophthalmic  sterna,  as  they  bend  back  from  the  sternal  flex- 
ure. This  rostral  septum^  therefore,  abuts  below  and  behind 
on  the  epistoma,  and  constitutes  a  sort  of  partition  (Fig.  76, 
a),  by  which  the  cavities  in  which  the  antennules  and  eyes  of 
the  two  sides  are  lodged  are  completely  separated  from  one 
another.  The  lateral  portions  of  the  rostrum  form  a  flattened 
roof  over  the  inner  portions  of  these  cavities,  which  contain 
the  bases  of  the  ophthalmic  peduncles  and  the  antennules ; 
but  the  outer  angles  of  the  rostrum  are  produced  downward 
{d)y  to  form  the  supraciliary  lobe.  The  outer  half  of  the 
lateral  cavities  or  chambers  is  more  excavated,  and  is  bound- 
ed by  a  strong  pointed  process,  the  external  orbitar  lobe, 
which  is  divisible  into  a  supraorbital  and  suborbital  portion. 
The  latter  passes  gradually  into  a  strong  process  of  the  sub- 
hepatic region,  called  the  internal  suborbitar  lobe  (Fig.  76, 
e);  this  turns  forward  and  upward  toward  the  supraciliary 
lobe,  which  it  approaches,  but  does  not  meet,  the  base  of  the 
antenna  being,  as  it  were,  wedged  between  the  two. 

The  supraciliary,  external  orbitar,  and  internal  suborbi- 
tar lobes,  and  the  antennae,  thus  together  circumscribe  a 
cavity  widely  open  in  front,  which  is  called  the  orbit,  inas- 
much as  it  lodges  the  terminal  portion  of  the  ophthalmic 
peduncles,  with  the  eyes  which  they  support.  The  proximal 
portions  of  the  peduncles  pass  through  the  comparatively 
narrow  opening  by  which  the  inner  and  outer  chambers  com- 
municate, between  the  antenna  and  the  supraciliary  process, 
and  are  inserted  as  usual  into  the  articular  cavities  on  each 
side  of  the  ophthalmic  sternum,  which  is  narrow,  and  hardly 
wider  than  the  septum.  It  thus  comes  to  pass  that  the  eyes, 
lodged  in  their  orbits,  appear  to  be  altogether  external  to 
the  antennules,  the  enlarged  bases  of  which  hide  the  oph- 
thalmic peduncles,  and  appear  to  be  the  sole  contents  of  the 
inner  division  of  the  subfrontal  chamber;  but  the  true  posi- 
tion of  the  eyes  is  precisely  the  same  as  in  Astacus,  that  is 
to  say,  anterior  and  superior  to  the  antennules.  Another 
interesting  peculiarity  about  the  facial  region  of  the  cara- 
pace is  that  the  basal  joints  of  the  antennaB  have  coalesced 
with  the  sternum  of  the  antennary  somite,  and,  consequent- 
ly, that  the  bases  of  the  antennae  are  immovable.  There  is 
no  vestige  of  a  scaphocerite,  and  the  aperture  of  the  organ 
which  answers  to  the  green  gland  of  AstaczAS  is  provided 
with  a  peculiar  movable  plate,  provided  with  a  projecting 
internal  stem,  to  which  delicate  muscles  are  attached  in  Car' 
cintis.     It  is  this  structure  which  has  been  compared  to  an 
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auditory  ossicle  ;  but,  as  in  Astctcus^  the  auditory  sacs  are, 
in  fact,  lodged  in  the  dilated  basal  joint  of  the  antennule. 

A  cervical  fold,  lodging  the  scaphognathite,  occupies  the 
same  relative  position  as  in  Aatacus^  and  marks  off  the 
cephalic  form  of  the  thoracic  region,  on  the  sides  of  the  body^ 
The  thoracic  sterna  gradually  increase  in  breadth,  and  the 
posterior  ones  are  marked  externally  by  a  strong  median, 
longitudinal  depression,  answering  to  a  corresponding  fold 
on  the  inner  surface.  The  apodemal  cells  are  well  formed, 
but  the  sternal  canal,  so  largely  developed  in  the  Mdcrura^  is 
absent  in  this,  as  in  all  other  Brachyura. 

The  structure  of  the  appendages  is  essentially  the  same 
as  in  AstacuSj  but  the  third  thoracic  appendage,  or  external 
maxillipede,  has  its  ischiopodite  and  meropodite  greatly  en- 
larged, so  as  to  form  a  broad  plate,  which,  with  its  fellow, 
covers  over  the  other  organs,  and  hence  receives  the  name  of 
the  gnathostegite.  The  three  terminal  joints  of  the  limb  re- 
main small,  and  constitute  a  palpifoim  appendage — ^the  en- 
dognathal  palp. 

In  some  of  the  lower  Macrura  the  thoracic  limbs  are  pro- 
vided with  a  short  exopodite,  and  the  posterior  maxillipedes 
become  undistinguishable  from  the  ordinary  tlioracic  limbs. 
Such  forms  lead  us  naturally  to  the  Schizopoda^  a  group  the 
name  of  which  is  derived  from  the  apparent  splitting  of  the 
limbs  produced  by  the  great  development  of  the  exopodite, 
which,  in  these  Crustacea^  is  as  large  as  the  endopodite.  In 
this  group,  again,  a  line  can  hardl}'  be  drawn,  in  many  cases, 
between  any  of  the  maxillipedes  and  the  thoracic  limbs,  the 
anterior  pair  only  being  somewhat  smaller  than  the  rest. 
Hence  Thysanopoda  is  admitted,  by  Milne-Edwards,  to  have 
eight  pairs  of  thoracic  limbs  ("  Crustaces,"  ii.  464).  The 
branchiae  in  the  Schizopoda  are  frequently  absent ;  when 
well  developed,  as  in  Thysayiopoda^  they  are  not  included 
under  the  branchiostegite,  but  hang  down  freely  from  the 
bases  of  the  thoracic  limbs.  In  Mysis^  the  only  represen- 
tative of  a  branchia  (if  it  be  one  in  reality)  is  a  process  at- 
tached to  the  first  thoracic  appendage.  Cynthia  has  its 
branchial  appendages  attached  to  the  abdominal  members. 

In  Thysanopoda^  Mysis^  and  Cynthia^  the  general  struct- 
ure of  the  body  is  similar  to  that  of  the  Macrura^  except 
that,  in  MysU^  the  greater  number  of  the  abdominal  append- 
ages are  rudimentary. 

In  Leucifer^  the  antennary  somite  is  produced  into  a  very 
long  and  narrow  peduncle,  which  supports  the  eyes,  on  their 
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sreat  stalks,  the  anteotiiiles,  and  the  autennfe,  at  its  extrem- 
ity, separating  them  from  the  rest  of  the  cephalo-thorax, 
Which  is  covered  by  a  delicate  carapace,  bent  dowa  at  the 
sides.  The  anterior  thoracic  members  are  rudimentary,  and 
the  posterior  pair  is  absent.  The  heart  is  short  aud  rounded, 
and  situated,  as  usual,  in  the  thorax. 

It  has  been  seen  that  in  Astacua  fiuviatilis,  as  in  Limu- 
lua  and  Haphnia,  the  embryo  slowly  and  gradually  passes 
into  the  form  of  the  adult  ;  to  which  it  is  so  similar  when  it 
leaves  the  eg^,  tiiat  the  changes  of  the  young  present  noth- 
ing ooroparat^e  to  the  well-known  metamorphoses  of  Butter^ 
flies  and  Beetles. 

But  most  Podophthalmia  rather  resemble  the  Copepoda 
and  the  majority  of  the  Entomoatraca,  in  the  fact  that  the 
young,  when  they  leave  the  egg,  have  a  totally  dissimilar 
form  to  that  of  the  parent,  and  only  acquire  the  adult  conr 
dition  after  a  series  of  ecdyses. 

The  observations  of  Fritz  Mtlller '  have  shown  that  the 
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young  of  a  species  of  Prawn  (PeneMii)  undergo  a  metamor- 
phosis which  runs  parallel  with  that  of  the  Copepoda.  When 
it  leaves  the  egg  (Fig.  77,  A),  the  young  Peneus  has  an 
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oval,  unsegmented  body  with  a  single  frontal  eye,  a  large 
labrum,  and  three  pairs  of  natatorial  appendages — it  is  in  fact, 
to  all  intents  and  purposes,  a  Nauplius^  The  NaupliuS'torm 
next  develops  a  rounded  tergal  shield,  or  carapace ;  the  first 
and  second  pairs  of  appendages,  remaining,  long,  become  the 
antennules  and  the  antennae ;  while  those  of  the  third  pair, 
their  bases  enlarging  at  the  expense  of  the  rest  of  the  append- 
age, become  the  mandibles.  Four  pairs  of  appendages  sub- 
sequently appear  behind  the  mandibles.  The  hinder  three 
pairs  are  bifurcated  and  become  the  two  pairs  of  maxillae  and 
the  first  and  second  maxillipedes.  Behind  these  again  are 
five  pairs  of  short  lamellar  processes,  which  eventually  are 
converted  into  the  rest  of  the  thoracic  appendages.  The  six 
somites  of  the  abdomen  are  long  and  distinct,  and  the  last 
ends  in  two  setose  processes.  They  are  at  first  without  ap- 
pendages. In  this  stage  (Fig.  77,  jd),  which  answers  to  the 
so-called  Zocea- form  of  other  PodophtJiaimia,  the  principal 
locomotive  organs  are  the  antennae  and  antennules,  and  the 
resemblance  to  an  adult  Copepod  is  so  striking  that  it  may 
be  termed  the  Copepod-stsLge.  Next,  the  antennae,  diminish- 
ing in  relation  to  the  rest  of  the  body,  cease  to  be  the  prin- 
cipal organs  of  locomotion,  and  the  rapidly -elongating  abdo- 
men assumes  that  function.  The  stalked  double  eyes,  which 
made  their  appearance  in  the  Copepod-stage,  become  more 
fully  developed.  The  jointed  exopodite  of  the  antenna  is  re- 
placed by  a  single  plate.  The  greatly-enlarged  thoracic  limbs 
are  provided  with  an  endopodite  and  an  exopodite,  as  in  the 
Schizopoda^  the  branchiae  are  developed  from  them,  and  the 
abdominal  appendages  make  their  appearance.  This  may  be 
termed  the  Schizopod-stsige  (Fig.  77,  C).  Lastly,  the  me- 
dian eye  vanishes,  the  exopodite  of  the  locomotive  thoracic 
limbs  disappears,  and  the  larva  assumes  all  the  characters  of 
the  adult  Peneus, 

In  the  great  majority  of  the  Podophthalmia  the  embryo 
undergoes  as  remarkable  a  metamorphosis  after  it  leaves  the 
^gg»  This  fact  was  first  indicated  by  Siebold,  afterward 
demonstrated  by  Vaughan  Thompson,  whose  observations 
have  been  confirmed  and  extended  by  many  more  recent  ob- 
servers, notably  by  Spence  Bate*  and  Claus."  But  the  stages 
of  this  metamorphosis  differ  from  those  observed  in  Peneus  in 

>  "  On  the  Development  of  Decapod  Crustacea."  (Philosophical  Transac- 
tions, 1857.) 

*  "  Zur  Kenntniss  der  Malakostraoenlarven.*'  (Wlirzburg  "  Naturwissen- 
Bchaftliohe  Zeitachrift,'*  1861.) 
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the  apparent  absence  of  the  first  or  Naupllus  condition.  Pos- 
sibly, however,  this  is  represented  by  a  delicate  cuticular  in- 
Testment  which  the  larva  throws  off  sooa  after  leaving  the 
efCg.  It  then  corresponds  nith  the  later  form  of  the  Gopepod 
stage  of  l*eneua^  and  is  termed  a  ZoeKt.  The  Zoma  has  a 
shart  carapace,  often  provided  in  the  median  frontal  and  dor- 
sal regiions  with  long  spine-like  prolongations.  There  is  a 
median  simple  eye  between  the  lateral  sessile  faceted  eyes,  a 
pair  of  antennules,  a  pair  of  antennse,  a  pair  of  mandiUes, 


and  two  pairs  of  maxillae  ;  in  short,  all  ihe  appendages  of  the 
head.  Of  the  appendages  of  the  Iborax,  the  first  two  pairs 
are  well  developed,  and  terminate  in  an  exopodite  and  an  en- 
dopodite.  But  behind  these,  which  become  the  first  and  the 
second  pair  of  maxillipedes,  only  short  rudiments  of  the  six 
remaining  pairs  of  thoracic  appendages  are  to  be  found,  and 
the  somites  of  the  long  abdomen  have  no  appendages  at  all. 
Subsequently  these  make  their  appearance,  the  posterior  tho- 
racic members  increase  in  size,  the  eyes  become  raised  upon 
short  peduncles,  and  the  larva  resembles  one  of  the  lower 
Macrura.  The  carapace  next  becomes  broader,  and  its  spines 
shorter,  while  the  ambulatory  thoracic  limbs  take  on  the 
characters  of  those  of  the  adult,  the  bifurcated  first  and  sec- 
ond pairs  becoming  nietamorpboaed  into  the  first  and  second 
maxillipedes.     The  abdomen   becomes   relatively  short   and 
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slender,  and  the  larva  takes  on  the  characters  of  one  of  the 
Anomura,  In  this  stage  it  has  been  named  Megalopa,  By 
further  changes  in  the  same  direction,  the  Anomuran  con* 
dition  passes  into  that  of  the  young  Brachyuran.  All  these 
modifications  of  form  are  accompanied  by  exuviations  of  the 
chitinous  cuticula. 

The  successive  stages  are  well  exemplified  by  the  young 
of  the  Shore-crab,  Carcinus  moenas  (Fig.  78,  -4,  jB,  C).  The 
larva,  on  leaving  the  Qgg^  has  sessile  eyes,  a  long  pointed 
rostrum,  and  a  spine  projecting  from  the  middle  of  the  cara- 
pace ;  rudimentary  antennae,  and  two  pairs  of  locomotive  ap- 
pendages— the  rudiments  of  the  anterior  maxillipedes.  The 
abdominal  somites  are  without  appendages,  and  the  telson  is 
broad  and  bilobed  (Fig.  78,  A), 

This,  the  Zo(»a-stage,  after  repeated  ecdyses,  assumes  the 
Megalopa  form  represented  in  Fig.  78,  -B.  Finally,  the  car- 
apace becomes  broader,  the  abdomen  loses  its  appendages, 
and  is  bent  up  under  the  thorax ;  the  peculiarities  of  the  fa- 
cial region,  characteristic  of  the  Brachyura^  are  developed ; 
the  antennules  and  ambulatory  members  acquire  their  char* 
acteristic  proportions  ;  and  the  little  Brachyuran  by  degrees 
assumes  the  special  peculiarities  of  Carcinus  (Fig.  78,  6'). 

The  development  of  the  Opossum  Shrimp  {Mysisy  is  par- 
ticularly interesting,  as  it  appears  to  indicate  the  relations 
between  the  two  modes  of  development,  that  with  and 
that  without  metamorphosis,  which  obtain  in  the  Crustacea 
(Fig.  79). 

The  ova  consist  of  a  vitelline  mass,  inclosed  within  a  deli- 
cate chorion.  The  blastoderm  appears  as  an  oval  patch 
upon  the  surface  of  the  yelk  (Fig.  79,  A,  o),  thickest  in  the 
middle,  and  here  presenting  a  more  or  less  marked  depression 
(Fig.  79,  A^  By  c).  It  is  sharply  defined  from  the  subjacent 
yelk  (i),  and  consists  of  a  finely  granular  mass,  in  which  mul- 
titudes of  nuclei,  about  ^-gW  *^  ToW  ^^  ^.n  inch  in  diameter, 
are  imbedded. 

The  blastoderm  next  becomes  larger  at  one  end  than  at 
the  other,  and  a  median  sinuation  gradually  divides  this  ex- 
tremity into  two  lobes,  which  will  eventually  form  the  ante- 
rior parietes  of  the  head,  and  ma}'  be  called  the  procephalic 
lobes? 

>  Conf.  E.  van  Beneden,  "  D^vetoppement  des  Mysis."  ("  Bulletin  do 
TAoademie  de  Bruxelles,"  1869.) 

^  It  is  exceedingly  interesting  to  remark  the  correspondence  between  the 
embryonic  struotare  of  the  head  of  Mym  (and  I  may  add  that  of  other  Afi^fyrO' 
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The  median  depression  becomes  more  decided,  and,  at  the 
end  opposite  the  procephalic  lobes,  the  blastoderm  is  produced 
into  a  sort  of  papilla,  directed  forward.  This  is  the  rudiment 
of  the  caudal  extremity.  From  the  anterior  part  of  the 
blastoderm  there  arise,  on  each  side,  two  papillae,  the  points 
of  which  are  directed  backward,  and  which  will  become  the 
antennules  and  antennae.  The  whole  of  these  parts  are  in- 
vested by  a  delicate  cuticular  membrane,  which  gradually  ex- 
tends over  and  invests  the  whole  yelk  beneath  the  vitellary 
membrane.  At  the  end  of  the  caudal  papilla  it  forms  a  broad 
process,  produced  into  setae,  which  sometimes  appear  fan- 
like, sometimes  so  deeply  bifid  as  to  resemble  two  styles. 

The  embryo  has  now  reached  what  we  may  term  its  larval 
stage,  and,  in  this  condition,  it  leaves  the  vitellary  membrane 
within  which  it  was  inclosed,  and  lies  free  in  the  ovigerous 
pouch  of  the  parent.  At  the  same  time,  the  caudal  extremity 
enlarges,  and  straightens  itself  out,  so  that  no  indication  of 
its  previous  inflexion  against  the  thoracic  portion  of  the  blas- 
toderm remains.  The  larva  thus  much  resembles  a  pear 
(Fig.  79,  2>,  jE'),  with  four  processes  (2,  3),  the  antennules 
and  antennae,  which  have  now  become  much  elongated,  on 
one  surface. 

The  young  My  sis  next  grows  rapidly  and  undergoes  great 
changes  in  form  :  but  it  is  a  very  remarkable  fact,  that  the 
primitive  integument  remains  unaltered  ;  gradually  enlarging, 
to  accommodate  itself  to  the  increased  size  of  the  foetus,  in- 

Fie.  79. 


poda)  and  that  of  the  head  of  a  vertebrate  embryo.  The  procephalic  pro- 
cesses resemble  in  a  remarkable  manner  the  trabecule  cranii  of  the  vertebrate 
embryo ;  and  the  cephalic  flexure  of  the  Crustacean  or  Insect  has  its  analo^e. 
if  not  its  homologue,  in  the  angle  which  the  trabecular  region  of  the  base  of 
the  skull  at  first  makes  with  the  parachordal  region  in  almost  all  VerUbraUit 
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Pifl.  T9.— Tbed«Ye1opmeDEof  Jfub,— ,1,  elde  view  of  an  egfs.Xn  nblch  the  V\uito~ 
dennhaflJnBtsppeared.   B,  side  view  farther  adyiHiocd,    (^  front  view  of  embryo 

view.  E,  Btde  view,  (Theec  two  flgnri's  hure  been  inverted  hy'lhe  eneraver.) 
^.  7onn);  papa,  ff.  fartber  sdTBUce<f  S.  yoane  ifytts,  which  }iat  left  Ite  pnpa 
skin.  /,  antarlorportion  of  the  esme,  eniaraed,  and  with  th«  airap»ce  thrown 
bHcb.  a,  litciilne  menibrani'  :  b.  jelk ;  c,  ceutTSI  depresHloD  ot  the  bisetodenn  : 
d,  procephiiic  lobe« ; /.  IsrroV  lalegament ;  g.  ils  caudal  enlarEeinent:  A.  cara- 
pace.   1,  a,  S,  1,  elc,  tbe  somites  imA  their  appflndages,  Diiinbared  fram  tiefDre 
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deed,  but  otherwise  taking  no  share  whatever  in  its  changes. 
The  young  Myais  might,  therefore,  in  this  condition  be  justly 
termed  a  pupa,  for  the  relation  of  the  primitive  integument 
to  the  animal  which  it  incloses  is  precisely  that  of  the  pupa 
skin  to  the  imago  of  an  insect. 

The  antennules  and  antennae  remain  intact  within  the 
sheaths  afforded  by  the  primitive  integument,  but,  becoming 
immensely  elongated  and  divided  at  their  extremities,  assume 
more  and  more  their  proper  adult  conformation. 

In  front  of  the  antennules,  a  large  rounded  protuberance 
makes  its  appearance  upon  each  procephalic  lobe,  and  event- 
ually becomes  the  ophthalmic  peduncle.  At  first,  the  sternal 
portions  of  the  somites,  corresponding  with  these  three  pairs 
of  appendages,  occupy  the  same  plane  with  one  another  and 
the  posterior  sterna  (Fig.  79,  F^  (?) ;  but,  by  degrees,  they 
become  bent  up  (Fig.  79,  H)^  and  at  length  the  ophthalmic 
sternum  occupies  the  upper  and  front  part  of  the  head  (Fig. 
79,  I).  In  this  way  the  "  cephalic  flexure "  is  produced. 
The  mouth  is  indicated  behind  the  antennary  sternum,  which 
projects  backward  in  the  middle  line  to  form  the  labrum.  On 
each  side  of  it  the  rudiments  of  the  mandibles  appear,  and 
behind  these  are  the  papillary  commencements  of  the  two 
pairs  of  maxillae.  Behind  the  second  pair  of  maxillae  a  dis- 
tinct constriction  indicates  the  commencement  of  the  thorax, 
the  appendages  of  which  appear,  at  first,  as  tubercular  eleva- 
tions, all  of  precisely  the  same  character,  and  all  directed 
backward  parallel  with  one  another.  The  abdomen  is  at  first 
very  small,  and  the  appendages  of  its  sixth  somite  early  ac- 
quire a  far  larger  size  than  the  others.  The  telson  is  devel- 
oped from  the  middle  line  above  the  anus.  While  all  these 
changes  are  going  on,  the  blastoderm  gradually  extends  over 
the  tergal  surface  of  the^  embryo  and  closes  it  in.  When  the 
carapace  is  first  distinguishable  it  appears  as  a  ridge  arising 
from  the  sides  of  the  posterior  thoracic  somites,  beginning  at 
the  last  but  one,  and  gradually  extending  forward  as  far  as 
the  antennary  somites.  The  ridge  increases  and  becomes  a 
fold,  which  overhangs  the  bases  of  the  thoracic  appendages 
(Fig.  79,  G) ;  and  if  this  fold  be  turned  back  (Fig.  79,  Z),  its 
actual  attachments  may  be  readily  demonstrated. 

Having  advanced  thus  far  in  its  development,  the  foetal 
My  sis  y  with  all  its  organs  fully  formed,  though  somewhat 
different  in  appearance  from  those  of  the  adult,  casts  its  pupa- 
skin  and  straightens  its  body,  which,  from  having  its  pos- 
terior portion  bent  on  the  anterior,  as  in  the  embryo  (Fig. 
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79,  B),  had  gradually  in  the  pupa  (Fig.  79,  F,  G)  assumed 
the  opposite  curvature.  Its  dimensioDa  are  threefold  those 
of  the  embryo,  and  it  exhibits  rii'acious  movements  when  ei- 
tracted  from  the  pouch  of  the  parent.  It  is  not  improbable 
it  maj  yet  undergo  another  change  of  integument  before  ac- 
quiring the  full  form  of  the  adult. 

Thus  it  appears  that,  in  Myais,  the  NaupliuB-eX.a.g&  (^'g- 
79,  J),  £i)  is  passed  over  so  rapidly  that  the  embryo  has  go^e 
through  it  at  a  very  early  period,  and  nothing  but  the  outica- 
lar  sheath  of  the  body  appertaining  to  this  stage  remains  to 
prove  its  existence.  A  step  further,  in  the  abbreviation  of 
the  Ifauplius-at&ge,  and  there  would  be  nothing  to  distin- 


Fn.  SO.~PkiJlotoina,—A.  T«ntTal  view  or  the  body,  with 
left  siSe  BDd  (he  basea  only  of  ZI'  lo  XUl'  repreBeat 
liody.    C,  tht  Dervone  STSlem.  D,  the  hsl  cepbalie  and 


Oni  and  eecoDd  thurai 


guish  the  genial  course  of  the  development  of  Mynia  from 
that  of  Astacus.  On  the  other  hand,  another  Schizopod, 
Euphausia,  has  been  shown  by  Metschnikoff '  to  leave  the 
egg  as  a  tme  Nauplius. 

■  ZtifehH/t/ur  ieu>.  ZooL,  ISH. 
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The  Glass-crabs,  or  Phylloaomata  (Fig.  80),  are  singular 
marine  pelagic  Crustacea,  in  which  the  body  consists  almost 
wholly  of  two  large,  extremely  flat  and  transparent  disks, 
devoid  of  any  segmentation.  The  anterior  of  these  bears 
the  pedunculated  eyes,  the  antennules  and  the  antennae  on 
its  anterior  margin  ;  while  the  labrum,  with  the  mandibles 
and  anterior  pair  of  maxillae,  form  a  small  projection  poste- 
riorly on  its  ventral  surface.  The  second  pair  of  maxillae  is 
situated  a  little  more  backward  and  outward,  and  bears  a 
scaphognathite  ;  and  just  behind  these  appendages  is  the 
fold  of  a  cervical  groove  which  separates  the  anterior  disk 
from  the  posterior.  The  anterior  disk  contains  the  stomach 
and  the  liver,  and  in  this  respect,  as  in  its  appendages,  cor- 
responds exactly  with  the  cephalostegite  of  the  carapace  of 
an  ordinary  Crustacean,  and  its  six  cephalic  sterna.  The  pos- 
terior disk,  on  the  other  hand,  contains  the  short  and  almost 
round  heart,  with  the  intestine,  and  bears  the  eight  pairs  of 
thoracic  appendages,  the  anterior  and  posterior  of  which  are 
not  uncommonly  rudimentary.  The  abdomen  is  usually  very 
small,  and  situated  in  a  notch  at  the  posterior  edge  of  the 
thoracic  disk.  It  is  provided  with  six  pairs  of  appendages. 
No  generative  organs  have  been  found  in  the  PhyUosomata^ 
and  there  is  reason  to  believe  that  they  are  merely  larvae  of 
the  Macruran  genera  PcdinuTUSy  ScyllaruB^  Thenus^  and  their 
allies. 

Thb  Cumacea. — These  are  very  remarkable  forms,  allied  to 
the  Schizopoda  and  NebaliOy  on  the  one  hand,  and  on  the 
other  to  the  Edriophthcdmia  and  Copepoda  ;  while  they  ap- 
pear, in  many  respects,  to  represent  persistent  larvae  of  the 
higher  Crustacea. 

Cuma  Rathkii  might,  at  first,  be  readily  mistaken  for  a 
Copepod.  It  possesses  a  comparatively  small,  thick  carapace, 
apparently  produced  into  a  rostrum  anteriorly,  and  succeeded 
by  a  series  of  twelve  gradually  narrowing  free  segments,  the 
appendages  of  whic}i  are  in  great  part  obsolete.  The  last  of 
these  segments  is  a  pointed  telson  ;  the  anterior  five,  belong- 
ing to  the  thorax,  bear  thoracic  limbs,  while  the  eleventh,  the 
last  true  somite  of  the  body,  carries  its  characteristic  styli- 
form  appendages.  The  appendages  of  the  preceding  abdom- 
inal somites  may  be  either  absent  or  very  small  and  rudimen- 
tary. Dohrn  has  proved  that  this  is  true  only  of  the  females 
among  the  Cumacea.  The  males,  which  were  formerly  re- 
ferred to  the  genera  JBodotria  and  Alaunay  often  have  well- 
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developed  abdomiDal  limbs,  though  they  appear  late.  It  is 
interesting  to  find  that  the  females,  in  this  respect,  retain 
more  of  the  larval  character  than  the  males. 

On  examining  the  apparent  rostrum  with  care,  it  is  found 
to  be  divided  along  the  middle  line  by  a  fissure  v^rhich  runs  in 
front  of  the  eye  (wliich  is  here  single  and  sessile),  divides  into 
two  branches,  which  run  backv«ard  and  outward,  and  termi- 
nate before  traversing  half  the  length  of  the  carapace  ;  they 
thus  cut  off  a  median  lobe,  bearing  the  eye  at  its  apex,  from 
two  lateral  processes.  The  lateral  processes  are  simply  pro- 
longations of  the  antero-lateral  regions  of  the  posterior  di- 
vision of  the  carapace  (as  it  were  the  antero-lateral  angles  of 
the  carapace  of  My  sis  ^  excessively  produced  and  meeting  in 
the  middle  line)  ;  while  the  middle  lobe  corresponds,  I  believe, 
with  the  cephalostegite  of  the  carapace  in  ordinary  Podoph- 
thalmiaj  the  insertions  of  the  mandibular  muscles  occupying 
their  normal  position,  toward  its  posterior  boundary.  The 
hinder  part  of  the  carapace  will  therefore  correspond  with  the 
terga  of  the  three  anterior  thoracic  somites,  the  five  posterior 
ones  being,  as  has  been  seen,  free  and  movable. 

The  five  anterior  pairs  of  thoracic  appendages  are  con- 
structed much  on  the  same  plan  as  those  of  the  Schizopoda  / 
the  three  posterior  have  no  exopodite.  In  the  female,  the 
sixth  abdominal  somite  alone  has  appendages,  but  in  the  male 
the  two  anterior  abdominal  somites  are  provided  with  styles. 
Ovigerous  plates  are  attached  to  the  fourth,  fifth,  and  sixth  tho- 
racic appendages  in  the  female.  The  structure  of  the  head  is 
peculiar.  No  ophthalmic  sternum  nor  ophthalmic  peduncles 
are  discernible,  the  single,  or  closely  approximated  two,  eyes 
being  sessile  on  the  median  line  on  the  superior  surface  of 
the  head.  The  coxopodites  and  basipodites  of  the  antennules 
and  antennae  are  bent  down  almost  at  right  angles  with  the 
axis  of  the  body,  and  appear  to  be  connate,  or  confluent,  with 
their  sterna.  The  succeeding  joints  are  free  and  pass  for- 
ward, the  antennules  being  much  longer  and  stronger  than 
the  antennae  in  the  females,  while  in  the. males  the  antennae 
are  very  long ;  the  labrum  is  large  ;  the  mandibles  strong  and 
unprovided  with  a  palp.  There  is  a  distinct  metastoroa,  and 
the  maxillae  are  delicate  and  foliaceous.  A  papillose  bran- 
chial plate  is  attached  to  the  base  of  the  first  thoracic  append- 
age. The  surface  of  many  parts  of  the  body  in  some  species 
exhibits  a  very  peculiar  sculpturing,  singularly  like  that  ex- 
hibited by  the  Eurypterida, 

As  in  the  Podophthalmia^  the  heart  is  short  or  mod- 
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eratelj  elongated,  and  situated  in  the  posterior  part  of  the 
thorax. 

Dohrn*  has  shown  that  the  development  of  the  Cumacea 
takes  place  without  metamorphosis.  In  most  respects  the 
embrj'o  resembles  that  of  Mysis  /  but,  instead  of  the  cuticu- 
lar  investment  of  the  transitory  NdtipHieS'St&ge  with  its  two 
pairs  of  appendages,  there  is  only  a  sort  of  cuticular  sac  with 
a  thickening  in  the  middle  line  of  the  tergal  aspect,  which  the 
embryo  bursts  as  it  acquires  a  larger  size.  In  this  respect, 
the  resemblance  of  the  embryonic  development  of  the  Cuma- 
cea to  that  of  the  Edriophthalmia  is,  as  Dohrn  points  out, 
very  striking,  and  no  doubt  they  form  a  connecting-link  be- 
tween the  Podophthalmia  and  the  Edriophthalmia,  Having 
regard  to  their  whole  organization,  on  the  other  hand,  they 
stand  at  the  bottom  of  the  Malacostracan  group,  and  are  com- 
parable to  a  P<3n6M«-larva  in  the  C(»pepod  stage,  the  limbs  and 
body  of  which  are  modified  in  the  direction  of  the  Schizopoday 
while  the  fore-part  of  the  head  has  remained  Copepodous. 

Fossil  Srachyura  are  abundant  in  tertiary  deposits,  but 
are  rare  in  formations  of  earlier  date.  Macrura  of  a  pecul- 
iar type  {Ery(yi\)  occifr  in  the  mesozoio  rocks,  and  perhaps 
the  carboniferous  Gampsonyx  should  be  referred  to  the  Po- 
dophthalmia. 

The  Edriophthalmia. — These  resemble  the  Podophthal- 
mia in  never  possessing  a  greater  than  the  typical  number  (20) 
of  somites,  though,  in  some  members  of  the  group,  the  body 
is  composed  of  fewer  somites,  in  consequence  of  the  abortive 
or  rudimentary  condition  of  the  abdomen.  Eyes  may  be 
absent ;  when  present,  they  are  usually  simple,  and  are  either 
sessile  or  seated  upon  immovable  peduncles  {Munnd).  The 
antennules  almost  disappear  in  the  terrestrial  Isopoda^  while 
the  antennae  become  rudimentary  or  vanish  in  some  Am.- 
phipoda.  The  mandibles  lose  their  palps  in  the  Woodlice ; 
which  thus,  as  in  the  presence  of  only  one  pair  of  well-devel- 
oped antennary  organs,  approach  Insects.  Ordinarily,  the 
posterior  seven,  and,  at  fewest,  the  posterior  four,  thoracic 
somites  are  perfectly  distinct  from,  and  freely  movable  upon, 
one  another.  The  ophthalmic  and  antennary  somites  have 
coalesced  with  the  rest  of  the  head  ;  the  branchiae  depend 
from  the  thoracic  limbs,  or  are  modifications  of  the  abdomi- 
nal appendages ;  and  the  heart  is  elongated  and  many-cham- 

1  "  Ueber  den  Bau  und  die  Entwickelung  der  Cumaceen."    ("  Untersachim- 
jfen  liber  Bau  und  Entwickelunjf  der  Arthropoden,"  1870.) 
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bered.  But  the  salient  characters  of  the  ^roup  will  be  best 
understood  by  the  study  of  such  a  genus  as  AmphilhoS,  the 
principal  details  of  the  orgauizatiou  of  which  are  represented 
in  Fig.  81. 

The  body  of  this  animal  is  compressed,  bent  upon  itself, 
and  divided  into  fifteen  very  distinct  segments,  reckoning  the 
head  as  the  first  and  the  telson  as  the  last. 


ho.  m.—AmpMUe. 
flanreu  of  CrasW^n, 
Btoniiicli(»>opBDedfr 


tttet.—Tbe  lettcn  and  Ognre*  bare  tbe  s»me  gigaitmtSon  la  In  olliei' 
— . .  .,    cMBteglts;   br.  branchi*;    C.  laleral  riew  of 


The  head  presents  a  rounded  tergal  surface  ;  the  anterior 
face  is  disposed  perpendicularly  to  the  axis  of  the  body,  and 
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is  produced  anteriorly  into  a  strong,  curved,  and  pointed  ros- 
trum ;  on  each  side  it  bears  an  aggregation  of  simple  eyes, 
and  in  front,  immediately  beneath  the  rostrum,  this  face  gives 
attachment  to  two  long,  many-jointed  antennules.  Below 
these,  two  antennae,  shorter,  and  fewer-jointed  than  the  an- 
t^nules,  are  inserted,  and  the  inferior  part  of  the  face  is 
completed  by  a  large  movable  labrum.  Behind  this  come 
the  strong,  toothed  palpigerous  mandibles  (IV),  and  two 
pairs  of  more  or  less  foliaceous  maxillae.  Inasmuch  as  the 
eyes  are  sessile,  these  five  pairs  of  appendages  are  all  that 
belong  to  the  head  proper ;  but,  just  as  in  the  Podophthal- 
mia,  certain  of  the  anterior  thoracic  appendages  are  con- 
verted into  accessory  gnathites,  so,  in  Amphithoe^  the  first 
pair  of  these  members  are  applied  against  the  mouth,  and 
form  a  large  lower  lip  (VII'), 

The  "  head  "  of  Am2ohithoe^  therefore,  is  formed  by  the 
coalescence  of  the  seven  anterior  somites  of  the  body,  but  I 
believe  that  the  tergum  of  the  seventh  (or  first  thoracic)  so- 
mite is  obsolete,  as  in  a  Stomatopod,  and  hence  that  the  ter- 
gal surface  of  the  head  of  the  Edriophthcdinia  corresponds 
exactly  with  the  cephalostegite  (or  that  part  of  the  carapace 
which  lies  in  front  of  the  cervical  groove)  in  Podophthalmia, 
Mr.  Spence  Bate  has  shown,  in  his  valuable  "Report  on  the 
Edriophthalmia^'*  that  in  the  Crustacea  at  present  under 
discussion,  a  strong  apodeme  arises  on  each  side  from  the 
posterior  part  of  the  sternal  region  of  the  head,  and  passing 
inward  and  forward  meets  wii,h  its  fellow  to  form  an  endo- 
phragmal  arch,  which  supports  the  oesophagus  and  stomach, 
and  protects  the  nervous  commissure  between  the  first  and 
second  sub-oesophageal  ganglia,  which  runs  under  it. 

The  discoverer  of  this  structure  conceives  that  it  repre- 
sents the  terga  of  the  three  somites  immediately  succeeding 
the  mouth  ;  but  I  cannot  see  that  it  is  other  than  the  repre- 
sentative of  the  preciselj'  similar  mesophragm  formed  by  the 
anterior  apodemes  in  Astacus,  In  fact,  the  correspondence 
in  structure  between  the  head  of  an  Amphithoe  and  the  ceph- 
alic portion  of  the  cephalo-thorax  of  Astacus  is  not  a  little 
striking.  There  is  the  same  sternal  flexure,  the  same  relative 
position  of  the  stomach,  and  of  the  insertions  of  the  mandibu- 
lar muscles.  The  great  difference  lies  in  the  abortive  condi- 
tion of  the  ophthalmic  appendages.* 

1 A  strong  endophraprinal  arch  separates  the  sub-oesophageal  ganglia  and  oom- 
missures  from  the  gullet  in  SquUla^  but  has  different  connections  (F\g,  83).  ^  A 
very  similar  endoi)hragmal  arch  is  found  in  the  Insect  head.  Sm  the  descrip- 
tion of  the  head  of  Matta  {infra). 


THE  EDRIOPHTHALMIA.  313 

The  seven  free  somites  of  the  thorax  each  give  attachment 
to  a  pair  of  limbs.  It  is  characteristic  of  Amphitho'6y  as  of  the 
Amphipoda  in  general,  to  have  the  five  anterior  pairs  of  tho- 
racic members  directed  forward.  Each  limb  consists  of  an 
expanded  coxopodite,  succeeded  by  the  other  six  joints  of  the 
typical  crustacean  limb. 

In  the  male,  a  single  vesicular  lamella,  the  branchia,  is 
attached  to  the  inner  side  of  the  coxopodite  of  the  append- 
ages of  the  ninth  to  the  fourteenth  somites  inclusively  ;  but, 
in  the  female,  an  additional  plate,  convex  externally  and  con- 
cave internally,  is  attached  above,  and  internal  to,  the  branchia 
of  the  9th  to  the  12th  somite.  These  oostegites,  as  they  may 
be  called,  inclose  a  cavity  in  which  the  incubation  of  the  eggs 
takes  place. 

The  abdomen  consists  of  six  somites  and  a  very  small  ter- 
minal telson.  The  appendages  of  the  three  anterior  somites 
are  terminated  by  two  multiarticulate  setose  filaments  (Fig. 
81,  XV'),  while  in  the  three  posterior  the  corresponding 
parts  are  styliform,  and  serve  as  a  fulcrum  for  the  abdomen 
when  the  animal  leaps,  by  the  sudden  extension  of  that  region 
of  the  body. 

The  Edriophthcdmia  are  ordinarily  divided  into  three 
groups.  The  Amphipoda^  which  resemble  Amphitho'<^y  are 
characterized  by  their  compressed  form  and  their  ordinarily 
saltatory  habits  ;  by  having  thoracic  branchiae  ;  by  the  for- 
ward direction  of  their  four  anterior  locomotive  limbs  (2d 
to  5th  pairs  of  thoracic  appendages),  and  by  the  contrast 
between  the  three  anterior  and  the  three  posterior  pairs  of 
abdominal  appendages.  The  common  Sand-hopper  is  the  most 
familiar  example  of  this  division.  The  second  group  is  that 
of  the  LcBmodipoda^  distinguished  by  the  rudimentary  state 
of  the  abdomen,  which  is  reduced  to  a  mere  papilla,  and  by 
the  coalescence  of  the  second,  as  well  as  the  first,  thoracic 
somite  with  the  head,  so  that  the  anterior  limbs  appear  to  be, 
as  it  were,  suspended  under  the  neck.  The  strangely-formed 
genera  Cyamus^  the  parasite  of  whales,  and  CapreUa,  which 
is  very  common  upon  our  own  coast,  adhering  to  corallines, 
sea-weeds,  and  starfish,  belong  to  this  group. 

The  Isopoda^  which  constitute  the  third  group  of  the 
JEdriophthalmia^  are  usually  depressed  instead  of  compressed, 
and  run  or  crawl  instead  of  leaping.  Many,  like  the  common 
Woodlouse  {Oniscus),  possess  the  power  of  rolling  them- 
selves into  a  ball  when  alarmed ;  some,  like  the  last-named 
genus,  are  terrestrial  ;  others,  like  the  Asellua.  inhabit  fresh 
14 
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waters,  but  the  great  majority  are  marine ;  and  among  them 
are  many  peculiarly  modified  parasitic  forms  (Fig.  82,  Cymo- 
thoa  ;  Bopt/rus),     The  oomposition  of  the  head  and  mouth 


in  the  laopoda  is  essentially  the  same  as  id  the  Ampkipodoty 
though  differing  considerably  in  details.  The  branchiie  of 
the  thoracic  members  are  at^nt,  their  functions  being  per- 
formed by  the  endupodites  of  some  of  the  abdominal  mem- 
bers, which  are  soft  and  vascular.  The  three  anterior  pairs 
of  thoracic  members  are  usually  directed  forward — the  four 
posterior  pairs  baclrward.  In  some  Isopoda  the  abdominal 
somites,  partly  or  wholly,  coalesce  with  one  another. 

In  all  the  £!driophthalmia  the  alimentary  canal  is  straight 
and  simple,  and  its  anterior  gastric  dilatation,  frequently 
strongly  armed,  is  situated  in  the  head.  The  liver  is  repre- 
sented by  a  variable  number  of  straight  cseca. 

Occasionally  there  are  one  or  two  cieca  which  open  into 
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the  posterior  part  of  the  iiitestinei  and  appear  to  be  urinary 
organs  analogous  to  the  Malpighian  caeca  of  insects. 

The  respiratory  organs  vary  greatly  in  structure.  In  most 
Edriophthcdmia  they  are  simple  plates  or  sacs,  the  delicacy 
of  the  integument  of  which  permits  of  the  free  exposure  of 
the  blood  circulating  in  them  to  the  air.  In  the  amphipod 
genus  Phrosina^  however,  the  branchiae  are  composed  of  rudi- 
mentary lamellae,  attached  to  an  expanded  stem,  and  resem- 
ble not  a  little  the  epipoditic  branchiae  of  Astacvs,  In  some 
&pho3romid(B^  Duvernoy  and  LerebouUet  found  the  branchial 
endopodites  transversely  folded,  so  as  to  approach  those  of 
the  Xiphosura. 

The  exopodites  of  the  abdominal  members  of  the  Isopoda 
frequently  cover  the  modified  endopodites,  forming  opercula, 
and  the  first  pair  of  abdominal  limbs  is,  in  many  genera,  al- 
tered in  such  a  manner  as  to  form  one  such  large  operculum 
for  the  four  pairs  which  succeed  it.  In  the  Idoteidce  it  is,  on 
the  other  hand,  the  sixth  pair  of  abdominal  limbs  which  are  so 
modified  as  to  form  the  curious  door-like  opercula  which  cover 
the  gills. 

In  certain  of  the  terrestrial  Isopoda  {PorceUiOy  Arma" 
dilUdium)y  some  of  the  opercular  plates  of  the  branchiae, 
usually  the  two  anterior  pairs,  contain  curiously  ramified  cav- 
ities, which  open  externally,  and  contain  air.  The  genus 
Ti/lo3  possesses  respiratory  organs,  which  present  a  still  more 
interesting  approximation  to  those  of  the  purely  air-breath- 
ing Articulata.     They  are  thus  described  by  Milne-Edwards  : 

"The  abdomen  presents  inferiorly  a  deep  cavity,  very 
similar  to  that  of  the  SpJwsromm^  in  which  the  five  anterior 
pairs  of  appendages  are  lodged ;  but  this  cavity,  instead  of 
being  completely  open  below,  is  imperfectly  closed,  in  its  pos- 
terior half,  by  two  series  of  lamellar  prolongations,  which 
arise  from  the  sides  of  the  inferior  faces  of  the  third,  fourth, 
and  fifth  abdominal  segments,  and  pass  horizontally  inward ; 
the  first  pair  of  these  plates  is  small,  those  of  the  third  pair 
are,  on  the  other  hand,  very  wide,  and  almost  meet  in  the  me- 
dian line.  The  four  anterior  pairs  of  abdominal  appendages, 
lodged  in  this  cavity,  each  carry  a  wide  and  short  quadrilat- 
eral appendage,  the  surface  of  which  is  raised  into  a  transverse 
series  of  large  longitudinal  elevations,  and  each  of  these  eleva- 
tions presents  inferiorly  a  linear  aperture  leading  to  a  respir- 
atory vesicle,  the  parietes  of  which  are  covered  with  a  multi- 
tude of  little  arborescent  caeca.  These  vesicles  when  extracted 
from  the  interior  of  the  limb  closely  resemble  a  brush-like 
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branchia,  having  its  longitudinal  canal  in  communication. with 
the  atmosphere  by  a  longitudinal  stigma.  The  fifth  pair  of 
abdominal  members  are  rudimentary,  while  the  sixth  consti- 
tute the  door-like  triangular  valves  covering  the  anus,  and  all 
the  inferior  £ace  of  the  last  abdominal  segment."  ^ 

The  nervous  system  in  the  Am^hipoda  consists  of  supra- 
oesophageal  or  cerebral  ganglia,  united  by  commissures  with 
an  iufra-oesophageal  mass,  whence  commissural  cords  pass  un- 
der the  endophragm  to  the  anterior  of  the  thoracic  ganglia,  of 
which  there  are  commonly  seven  pairs,  succeeded  by  five  or  six 
pairs  of  abdominal  ganglia.  In  some  Isopoda  ( G'i^mothoaj 
Idotea)  the  abdominal  ganglia  are  also  distinct;  but  in  others, 
such  as  ^ga  bicarinata  (according  to  Rathke),  they  are 
fused  into  a  single  mass  placed  in  the  anterior  part  of  the 
abdomen,  presenting  only  traces  of  a  division  into  five  por- 
tions. In  the  Gymothoadm  and  terrestrial  Isopoda^  again,  the 
abdominal  ganglia  appear  to  have  completely  coalesced  with 
the  last  thoracic  ganglia  and  form  a  mass,  whence  the  ab- 
dominal nerves  radiate.  Finally,  in  the  short-bodied  Lcrnio- 
dipoda,  such  as  Gyaraus^  there  are  not  more  than  eight  pairs 
of  post-oesophageal  ganglia,  the  posterior  commissures  of 
which  are  so  shortened  that  the  nervous  system  ends  in  the 
antepenultimate  somite. 

Brandt  describes  splanchnic  ganglia  like  the  lateral  pair  of 
Insects  in  the  OniscidcB.  It  is  one  of  the  many  respects  in 
which  the  Isopoda  simulate  Insecta, 

No  other  organs  of  sense  than  eyes  have,  as  yet,  been  cer- 
tainly demonstrated  to  exist  in  the  Edriophthalmia,  though 
the  fine  setsd  which  beset  the  antennary  appendages  have 
been  supposed  to  be  organs  of  the  olfactory  sense.  The  eyes 
vary  in  their  structure,  from  the  simple,  more  or  less  closely 
aggregated  ocelli  of  JLcemodipoda^  and  of  many  Isopoda  and 
Amphipoda,  to  the  strictly  compound  eyes,  as  complex  as 
those  of  the  highest  Articulata^  which  exist  in  ^ga  and  in 
Phrosina, 

The  female  genitalia  of  the  Edriophthalmia  consist  of  two 
simple  sacs,  the  ducts  of  which  usually  open  on  the  ventral 
surface  of  the  antepenultimate  thoracic  somite,  or  on  the  bases 
of  the  limbs  of  this  somite.  In  the  male,  one  or  more  caeca 
on  each  side  constitute  the  testis,  which  ordinarily  opens  on 
the  last  thoracic  or  first  abdominal  somite,  in  connection  with 
one  or  two  pairs  of  copulatory  organs  developed  from  the  an- 
terior abdominal  somites. 

* "  Ulstoire  Naturelle  des  Crustac^s,"  vol.  iii.,  p.  187. 
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The  eggs  of  the  ordinary  JSdriophthalmia  usually  undergo 
their  deveiopment  in  the  chamber  beneath  the  thorax  inclosed 
by  the  oostegites  of  the  thoracic  appendages.  In  most  cases, 
the  young  differ  so  little  from  the  adults  that  no  metamorpho- 
sis can  be  said  to  take  place.  They  frequently,  however, 
want  the  last  thoracic  somite.  The  young  of  the  parasitic 
JSdriophthalmiaj  such  as  BopyruSy  PhryxuSy  Cymothoay  Cy- 
amusy  and  the  JByperinoBy  on  the  other  hand,  are  widely  dif- 
ferent from  the  adults ;  and  not  only  in  their  metamorphosis, 
but  in  the  small  proportional  size  and  less  aberrant  form  of 
the  male,  Bopyrus  and  Bhryxus  recall  the  parasitic  Cope- 
poda. 

In  certain  Amphipods  {Gammarus  locusta  and  Desmo* 
pMlui)  the  vitellus  undergoes  complete  division ;  while,  in 
closely  allied  forms  {Gammairus  fluviatilis  and  pulex)^  and 
still  more  completely  in  those  laopoda  which  have  been 
studied,  the  part  of  the  vitellus  which  divides  into  blasto- 
meres  becomes  more  or  less  completely  separated  from  the 
rest  immediately  after  fecundation,  and  the  so-called  partial 
yelk  division,  take  place.' 

In  all  EdriopMhalmiay  the  development  of  which  has 
been  examined,  before  any  other  organs  appear,  a  cuticular 
investment  or  sac  is  formed,  which  is  eventually  burst  and 
thrown  off.  This  appears  to  represent  the  NaupliuB  cuticle 
of  MyaiSy  and,  in  close  relation  with  it,  are  peculiar  tergal 
structures,  such  as  the  bifid  lamellae  of  AselluSy  and  the  un- 
fortunately named  "  micropyle  apparatus  "  of  other  Edrioph' 
thalmia. 

The  Edriophthcdmia  are  not  abundant  in  the  fossil  state  ; 
but  they  may  be  traced  back  as  far  as  the  later  Palaeozoic 
strata  (ProsoponiscuSy  AmphipeUis), 

The  Stomatopoi>a. — Of  the  Stomatopoda  of  Milne-Ed- 
wards, two  of  the  three  divisions,  the  Caridoidea  and  the 
BicuiraaskSy  have  since  found  a  place  among  the  Schizopod- 
ous  Podophthalmiay  or  among  the  larvaB  of  certain  Macru- 
ra;  but  the  third,  the  Stomatopodea  vnicuirass^y  compris- 
ing Squillay  GonodactyluSy  and  CoroniSy  appear  to  me  to  differ 
so  widely  and  in  such  important  structural  peculiarities,  not 
only  from  the  Podophthalmia  proper,  but  from  all  other 
Crust€U*ea,  as  to  require  arrangement  in  a  separate  group, 
for  which  the  title  of  Stomatopoda  may  well  be  retained. 

1  E.  van  B«neden,  **  Beoherohes  but  la  Composition  et  la  Signiflcation  de 
rCEiif,"  1870. 
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The  genera  named,  in  fact,  stand  alone  among  the  Cnt»- 
tacea,'  in  that  the  ophthalmic  and  antennulary  somites  are 
oompletfl  rings,  movable  upon  one  another  and  the  anten- 


""^ 


Tia.es.— SmOlaai!ciiTieauda.^A.  the  entire  bo^.  wllh  the  thoniand  abdorDen  tn 
loniritadlDiil  ead  verlical  ■ectlun.  it.  the  he&dln  TertlCBl  eecUoD.  I-XX.  eomltm 
of  which  the  body  i%  oomposed.  I'-XX',  their  appendogfln.  the  baftes  of  m»C  of 
vhlch  are  alone  represented.  ^£,  alimEHisi;  causl ;  (7.  etomach  ;  Jn,  enae;  C, 
heart;  ar,  branchla.  ^,  Kan^Uaaad  their  commlaBnreB,  R,  roBt mm  of  the  cara- 
pace ;  D,  me  penle.  Pn,  ecdopbragmal  arch.  The  Qflh  thoracic  appendage  XI'  la 
floured  aeparatelj. 

nary  somite,  and  that  tbeir  long  axis  is  parallel  with  that  of 
the  body,  so  that  there  is  no  sternal  flexure.  Kumerons  pairs 
of  hepatic  arnoA  open  into  the  elongated  alimentary  canal. 
The  heart,  again,  is  not  short  and  broad,  with  at  most  three 
pairs  of  apertures,  and  confined  to  the  thoracic  region,  as  in 
the  proper  Podophthaimia  ;  but  it  ia  greatly  elongated,  mnl- 
tilocular,  and  extends  into  the  abdomen.  The  branchiae  are 
plumes  attached  to  the  abdominal  members  (Fig.  83,  A,  fir), 
and,  so  far  as  I  have  been  able  to  ascertain,  the  carapace  is, 
in  all,  connected  exclusively  with  the  cephalic  somites.     This 
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is  particularly  well  seen  to  be  the  case  in  SquiUa  acabricauda 
(Fig.  83),  where  five  completely  developed  posterior  thoracic 
terga  can  be  counted,  uncovered  by  the  short  carapace,  be- 
neath which  the  terga  of  the  three  anterior  thoracic  somites 
are  represented  by  a  membrane  which  passes  forward  to  be 
reflected  into  the  carapace. 

The  free  somites  of  the  thorax,  and  those  of  the  abdomen, 
in  this  species  and  in  the  Stomatopoda  generally,  are  so  large 
relatively  to  the  carapace,  that  the  latter  is  not  larger  in  pro- 
portion to  the  body  than  the  tergal  covering  of  the  head  in 
many  Edriophthalmia^  with  which  order  the  Stomatopoda 
present  many  marked  affinities.  Indeed,  if  we  leave  the  eyes 
out  of  consideration,  the  organization  of  the  Stomatopoda  is 
more  Edriophthalmian  (and  especially  Amphipodan)  than 
Podophthalmian.  The  five  anterior  pairs  of  thoracic  members 
are  turned  forward,  and  are  subchelate.  The  first  pair  are 
small  and  slender.  The  second  pair  are  the  largest  of  all, 
and  have  the  characters  of  powerful  prehensile  limbs,  the  ter- 
minal curved  and  spinose  joint  of  which  shuts  down  into  a 
groove  in  the  penultimate  joint,  as  the  blade  of  a  pocket-knife 
does  into  its  handle.  The  three  posterior  thoracic  limbs,  on 
the  other  hand,  are  turned  outward,  and  terminated  by  an 
endopodite  and  an  exopodite. 

SquiUa  lays  its  eggs  in  burrows  in  the  bottom  of  the  sea, 
which  the  animals  inhabit.  The  earliest  condition  of  the  free 
larva  is  not  fully  known,  but  the  young  larvae  have  a  single 
eye,  and  the  hinder  thoracic  and  the  abdominal  appendages 
are  not  developed.*  The  larvae  pass  into  forms  which,  under 
the  names  of  Alima^  JSrichthySy  and  Squillerichthf/Sy  were 
formerly  considered  to  be  independent  genera.  Claus's  inves- 
tigations, however,  have  rendered  it  probable  that  the  two 
latter  genera  are  simply  larval  stages  of  Gonodactylua^  and 
that  Alima  is  a  larval  stage  of  SquiUa . 

1  Fritz  Mtiller,  *^  Fur  Darwin."    See  alao  Clans,  ^'  Die  Metamorphose  der 
Squilliden,"  1872. 


CHAPTER  VII. 

THE   AIR-BREATHING   ARTHROPODA. 

Among  these  Arthropoda^  no  forms  absolutely  devoid  of 
limbs  are  at  present  known,  though  the  appendages  are  re- 
duced to  two  pairs  of  minute  hooks  in  the  vermiform  parasite 
LingucAula. 

The  Arachnida  have  pediform  gnathites,  and  the  least 
modified  forms  of  this  group  (the  Arthrogastra  or  Scorpions 
and  Pseudo-scorpions)  exhibit,  in  many  respects,  extraordi- 
narily close  resemblances  to  the  Merostomata  among  the 
Cirustacea. 

The  Arthrogastra. — The  anterior  part  of  the  body  of 
a  Scorpion  (Fig.  84)  presents  a  broad,  shield-like  tergal  plate, 
resembling  that  of  Eurypterus  in  form.  Two  large  eyes  are 
situated  one  on  each  side  of  the  middle  line  of  the  shield, 
while  smaller  eyes,  which  vary  in  number  according  to  the 
species,  are  ranged  along  its  antero-lateral  margins. 

Six  wide  plates,  representing  the  terga  of  as  many  so- 
mites, follow  the  anterior  shield,  and  are  connected  only  by 
the  soft  integument  of  the  sides  of  the  body  with  their 
sterna.  The  seventh  is  united  with  its  sternum  (xv)  poste- 
riorly, while  the  ^\e  following  terga  and  sterna  form  contin- 
uous rings,  which  constitute  the  joints  of  the  so-called  "  tail." 
The  anus  is  situated  behind  the  last  sternum.  A  movable 
terminal  piece,  answering  to  the  telson  of  a  Crustacean,  which 
is  swollen  at  its  base,  and  then  rapidly  narrows  to  a  curved 
and  pointed  free  end,  overhangs  the  anus,  and  constitutes  the 
characteristic  weapon  of  offense  of  the  Scorpion.  This  sting, 
in  fact,  contains  two  glands  which  secrete  a  poisonous  fluid, 
and  their  ducts  convey  it  to  the  minute  aperture  situated  at 
the  sharp  point  of  the  organ.  On  the  sternal  surface  of 
the  body  there  are  four  wide  and  long  sternal  plates  (xi-xrv), 


THE  ARTHEOGABTRA. 


wfaicb  correspond  with  the  third,  fourth,  fifth,  and  aiith,  of 
the  free  terga.     Each  of  these  bears  a  pair  of  oblique  slits, 


which  are  the  openings  of  the  respiratory  organs  (Fig.  85,  e). 
The  sterna  of  the  first  and  second  free  somites  (ix,  s)  are  very 
small ;  that  of  the  first  carries  the  valves  which  cover  the 
genital  aperture ;  that  of  the  second  bears  a  pair  of  very 
curious  appendages,  somewhat  like  combs,  which  are  termed 
the  pectines.  The  nervous  trunks  which  enter  the  pectinea 
are  distributed  to  the  numerous  papillae  which  cover  them, 
and  are  probably  tactile  in  function.  Thus  there  are  twelve 
somites  behind  the  eye-bearing  shield,  and  none  of  these  are 
provided  with  appendages,  unless  the  pectines  be  such. 

The  truncated  anterior  extremity  of  the  body,  beneath  the 

■  >•  E^e  Aninutl,"  Dlustrated  Edition. 
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shield,  is  formed  by  a  vety  lar^  setose  labrum,  behind  and 
below  which,  in  the  middle  line,  is  the  extraordinarily  miaute 


.. ^  .. , B  niBjorltv  or  the  «ppendlBe»  1 

_,  ,4e  month  ;  b.  the  allmBntarj  cans] ;  c.  the  anna  ;  d.  the  neai 

nonary  vac ;  f.  the  poaItl^n  of  the  ventral  mineHonated  cord ;  g,  the  cs 


U.— A  diagram  or  tbe  body  of  a  8corplon 


aperture  of  the  mouth  (Fip.  86,  M).  On  each  side  of  it  is 
attached  a  three- join  ted,  pincer-ended,  appendage,  the  che- 
licera.  Behind  these  follow  the  pedipalpi,  large  chelate  limbs, 
ihe  stout  basal  joints  (iv')  of  which  lie  on  each  side  of  the 
mouth. 

Tbe  following  four  pairs  of  appendaf^es  are  seven-jointed 
ambulatory  limbs,  each  terminated  by  three  claws.     The  ba- 
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sal  joints  of  the  first  two  (v',  vi')  lie  behind  the  mouth,  the 
posterior  and  inferior  boundary  of  which  they  form,  and  are 
directed  forward.  The  basal  joints  of  the  last  two  (vii',  vin'), 
on  the  other  hand,  directed  inward,  are  firmly  united  together, 
and  are  altogether  excluded  from  the  mouth. 

Thus  the  mouth  ia  situated  between  the  labrum  in  front, 
the  bases  of  the  pedipalpi  and  those  of  the  first  two  pairs  of 
ambulatory  limbs,  at  the  Eides  and  behind;  just  as, in  Z^mufud, 
the  mouth  lies  between  the  labrum  and  the  basal  joints  of  the 
third,  fourth,  and  lifth  limbs,  which  answer  to  the  mandibles 
and  first  and  second  intixillfB  of  the  higher  Crustacea.  If  this 
comparison  is  just,  there  is  one  pair  of  pne-oral  appendages, 
which  exist  in  Limulus,  wanting  in  the  Scorpion ;  and  the 
difference  between  the  two  may  be  represented  thus; 

Linmhu.  Antennnle.  Antenna.  Mandible.  Maxilla  1.  Maxilla  2. 


Scorpio.  Chelioera.  Pedipalpns.    Leg  1.       Leg  2. 

Again,  if  the  eye-bearing  part  of  the  head  may  be  regarded 
as  a  somite,  then  the  body  of  the  Scorpion,  like  that  of  a  mala- 
costracous  crustacean,  will  consist  of  twenty  somites  and  ft 
telson.  We  may  regard  the  six  posterior  somites  (xv-xx)  as 
the  homologues  of  those  which  constitute  the  abdomen  in  the 
crustacean ;   while  the  eight  middle   somites    (vii— zir)  will 


morthecepluJo-tborsi:  Jf,cli«llcera ;  a.bbnui: 
■  Jf,  Xf,  gnpni  and  InfrB-moiibsgeal  EengllBl  i 
Ba!lvai7dDCU:  ^iDlSBliDe;  5,  heart. 


'  answer  to  those  which  enter  into  the  thorax  of  the  latter ; 
and  the  head  will  resemble  that  of  an  Edriopbthalmian  with 
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one  pair  of  antennary  organs  completely  suppressed.  Upon 
this  view,  the  eye-bearing  shield  is  a  carapace  covering  a 
eephalo-thorax,  into  which  the  two  anterior  thoracic  somites 
only  enter.  These  are  followed  by  six  free  thoracic  somites, 
the  four  posterior  of  which  are  pulmoniferous.  But  no  trace 
of  the  supposed  missing  antennary  appendage  has  been  met 
with  in  the  embryonic  condition,  so  that  the  alternative  pos- 
sibility that  the  mouth  is  situated  one  somite  farther  forward 
in  the  Scorpion  than  in  the  Crustacean  must  be  borne  in  mind. 
It  is  a  very  interesting  fact  that  Metschnikoff  *  has  found  ru- 
diments of  limbs  on  those  somites  of  the  embryo  Scorpion  on 
which  the  stigmata  are  situated — a  circumstance  which  sug- 
gests the  suspicion  that  the  Scorpion  is  derived  from  some 
form  possessing  more  numerous  limbs. 

The  minute  oral  aperture  leads  into  a  small  pyriform  lat- 
erally-compressed sac  (Fig.  86,  a)  with  chitinous  elastic  walls. 
Muscles  pass  from  these  to  apodemes  of  the  sternal  wall  of 
the  head,  and  doubtless  act  as  divaricators  of  the  wall  of  the 
sac.  As  the  Scorpion  sucks  out  the  juices  of  its  prey,  it  is 
probable  that  the  elastic  sac  acts  as  a  kind  of  buccal  pump — 
the  nutritious  fluid  rushing  in  when  the  sides  of  the  pump  are 
separated,  and  being  squeezed  into  the  oesophagus  when  the 
elasticity  of  the  walls  brings  them  back  to  their  first  position.' 

The  oesophagus  (Fig.  86,  b)  is  an  exceedingly  narrow  tube, 
which  springs  from  the  tergal  and  posterior  aspect  of  the  sac 
just  mentioned,  traverses  the  nervous  ring,  and  then,  passing 
obliquely  upward  and  backward,  enlarges  into  a  dilatation 
which  receives  the  secretion  of  two  large  salivary  glands,  by 
a  wide  duct  on  each  side.  The  alimentary  canal  narrows 
again,  and,  becoming  a  delicate  cylindrical  tube  which  widens 
posteriorly,  passes  straight  through  the  body  to  the  anus. 
The  numerous  ducts  of  the  liver  open  into  the  anterior  part 
of  this  region  of  the  alimentary  canal,  and  it  receives  two 
delicate  Malpighian  tubuli. 

The  liver  is  a  vast  follicular  gland,  which  occupies  all  the 
inter^'^als  left  between  the  other  organs  in  the  enlarged  part 
of  the  bodv,  and  even  extends  for  some  distance  into  the  nar- 
row  posterior  somites. 

The  eight-chambered  heart  (Fig.  86,  H)  is  a  larger  and 
more' conspicuous  structure  than  the  ah'mentary  canal,  above 
which  it  lies,  in  a  pericardial  sinus  situated  in  the  middle 

*  "  Embryologie  des  Scorpions."    {ZeitmhHft  fur  wise.  Zoologies  1871.) 
a  Huxley,  "  On  the  Moutn  of  the  Scorpion."    {Quarterly  Journal  of  Mvoro- 
aoopical  Science,  1860.) 
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line  of  the  tergal  aspect,  between  the  eye-beariag  shield  and 
the  tail ;  each  chamber  is  wider  behind  and  narrower  in  front, 
and  has  two  valvular  apertures,  by  which  blood  is  admitted 
from  the  pericardial  sinus  at  its  poatero-lateral  angles.  It 
gives  off  Bmall  lateral  arteries,  and  ends  in  front  and  behind 
in  a  wide  aortic  trunk.  Of  these  the  anterior  is  larger  than 
the  oesophagus,  and  both  aortse  give  off  branches  which  are 
distributed  widely  through  the  body.  A  large  trunk  lies  on 
the  tergal  aspect  of  the  ganglionic  chain,  and  is  united  with 
the  anterior  dorsal  aorta,  by  a  lateral  aortic  arch,  on  each  side 
of  the  body.  The  veins,  on  the  other  hand,  are  irregiJar  pas- 
sages, the  blood  of  which  is  carried  to  two  afferent  pulmonary 
ainiues,  one  for  each  set  of  respiratory  organs. 

These  respiratory  organs  are  four  pairs  of  flattened  sacs, 
which  open  externally  by  as  many  stigmata,  on  the  sterna  of 
the  four  posterior  free  thoracic  somites  (Fig.  86,  xi-xir)  in 


Fis.  BT.— J,  palmonar;  mc.    B,  reiplralor;  lealleta  of  Smrpto  occltantu.    (Aftet 

Blanchard.) 

front  of  the  tail.  Each  lies  with  one  ilat  side  sternal  and  the 
other  tergal,  in  front  of  its  stigma,  and  its  walla  are  so  folded 
as  to  divide  its  cavity  into  a  multitude  of  subdivisions,  each 
of  which  opens  into  the  common  chamber  which  communi- 
cates with  the  exterior  bv  the  stigma  (Fig.  8"?).  The  organ, 
in  fact,  somewhat  resembles  a  porte-monnaie  with  many  pock- 
ets. The  blood  circulates  in  the  folds,  and,  aft«r  being  thus 
exposed  to  the  influence  of  the  air,  is  carried  by  efferent  pul- 
monary amuses  to  the  pericardial  sinus.  Expiration  is  effect- 
ed by  muscles  which  pass  vertically  between  the  sterna  and 
terga  of  the  free  somites. 

The  bilobed  cerebral  ganglion  supplies  nerves  to  the  eyes 
and  chelicerfS,  and  is  connected  by  thick  commissures  with 
the  post-oeaophageal  ganglion,  a  large  oval  mass,  whence 
branches  are  given  to  the  maxilUe  and  following  somites.  A 
Jong  cord  formed  by  two  closely-applied  commissures  passes 
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to  the  three  ganglia  placed  in  the  twelfth  to  the  fourteenth 
somites.  There  are  four  ganglia  in  the  abdomen,  two  dis- 
tinct cords  passing  from  the  last  to  its  extremity.  The  vis- 
ceral nervous  system  is  represented  by  an  oesophageal  gan- 
glion receiving  roots  from  the  cerebral  ganglion,  and  giving 
branches  to  the  alimentary  canal.  ^ 

Two  lateral  ovarian  tubes,  connected  by  transverse  anasto- 
moses with  a  median  tube,  end  in  two  oviducts,  which  open 
by  a  fusiform  vagina  on  the  first  free  sternum  (ix).  The  tu- 
bular testes  end  in  a  pair  of  deferent  ducts,  on  which,  before 
their  union  at  the  common  orifice,  two  long  and  two  short 
caeca  are  found,  the  former  playing  the  part  of  vesiculae  semi- 
nales.  Both  male  and  female  organs  lie  imbedded  in  the 
hepatic  mass  in  the  posterior  thoracic  region,  their  ducts  pass- 
ing forward.  Partial  yelk-division  takes  place,  and  the  ova 
undergo  development  within  the  ovarian  canals,  in  a  manner 
which  is  very  similar  to  that  of  Astacus.  Thus  there  is  no 
metamorphosis,  and  the  young  differ  but  little  from  the  adult 
in  any  respect  but  size. 

The  Pseudo-scorpions  {Chdifer^  Ohisium)  resemble  the 
Scorpions  in  form  and  in  the  nature  of  their  appendages,  but 
they  have  no  aculeate  telson  nor  poison-gland.  They  possess 
silk -glands,  which  open  close  to  the  genital  aperture,  and  their 
two  pairs  of  stigmata  are  connected,  not  with  pulmonary  sacs, 
but  with  tracheal  tubes.  According  to  Metschnikoff,  the  eggs 
undergo  complete  yelk-division,  and  the  young  leave  the  egQ 
provided  only  with  that  pair  of  appendages,  which  become  the 
pedipalpi. 

In  the  number  of  the  appendages,  and  in  the  segmenta- 
tion of  the  abdomen,  Galeodes  (or  Solpuga)  agrees  with  the 
Scorpions  and  Pseudo-scorpions.  But  the  three  somites  which 
bear  the  three  hinder  pairs  of  ambulatory  limbs  (vi,  vn,  vm, 
in  the  Scorpion)  retain  their  distinctness,  and  there  is  no 
cephalo-thorax,  in  the  proper  sense  of  the  word.  In  form  and 
function  the  nedipalps  resemble  the  first  pair  of  ambulatory 
limbs,  while  the  chelicerae  are  subchelate.  The  organs  of  res- 
piration are  tracheal. 

The  Phalangidoe  {Phalangium^  Gonyleptits)  have  chelate 
chelicerae,  but  the  pedipalps  are  filiform  or  limb-like,  and  the 
articulated  abdomen  is  relatively  short  and  broad.  They  have 
no  silk-glands,  and  their  respiratory  organs  are  tracheal. 

»  Newport,  "  On  the  Structure,  etc.,  of  the  Nervous  and  Circulatory  Sjrstems 
in  Mvriapoda  and  Macrurous  Arachnida."  (^^Philosophical  TraiiBactions/' 
1848.) 


THE  ARASEINA. 


While  the  last-mentioned  forms  lead  from  the  Arthrogmtra 
to  the  Acarina,  the  pulmonale  PhrynidcB,  or  Soorpion-spiders 
IThelyphontts,  Phrymts),  are  in  many  respects  intermediate 
between  the  Arthrogastra  and  the  Araneina. 


Fib.  f)^~Xyaal»  cwmtniaria.—A 

pedipalpl  ;  V,  yi'  mBiIllarj  re_.. __.  „^__.. 

B,  tbe  lait  Joint  ol  tbe  pedlpalpiu  of  the  male  inncb  majmllled.  C,  term Itisl  loin t 
ot  the  cbellcera .«,  with  the  poison-gland.  Z»,  the  left  pulmonsrv  bm  slewed  from 
1H  donal  aspect:  81a,  Meaa;  Pm,  polmonarr  lunelln.  B.  the  tiro  atacbnldlal 
miniaillla  of  the  left  side— the  emaller  ^  1  Ib  sittuled  on  the  hue  of  tbe  large  one, 
api.    (After  Dofiis.  "  Rdgne  Antoul.") 

Thb  AKANBiNA,^The  Spiders  atand  in  somewhat  the  same 
relation  to  the  Scorpions  as  the  brachyurous  to  the  macrurous 
Crustacea.  That  part  of  the  body  which  lies  behind  the 
oephalo-thorax  and  answers  to  the  free  soinites  of  the  body 
of  Scorpio  is  swollen,  and  presents  no  distinct  division  into 
somites. 

The  chelicerse  are  subchelate,  that  ia  to  say,  the  distal 

{'oint  is  folded  down  upon  the  next,  like  the  blade  of  a  poeket- 
:nife  upon  the  handle.  The  duct  of  a  poison -frland,  lodged  in 
the  cephalo-thorax,  opens  at  the  summit  of  the  terminal  joint. 
The  pedipalpi  are  filiform,  and,  in  the  males,  their  extremities 
are  converted  into  singular  spring  boxes,  in  which  the  sper- 
raatophorea  are  received  from  the  genital  apertures  and  con- 
veyed to  the  females  {Fig.  88,  B). 

The  pulmonary  sacs,  two  or  four  in  number,  are  similar  to 
those  organs  in  Scorpio,  and  are  placed  in  the  anterior  part 
of  the  abdomen  ;  a  traclieal  system  is  also  present,  a  pair  of 
sternal  stigmata,  situated  either  behind  tbe  pulmonary  sacs, 
or  at  the  end  of  the  abdomen,  leading  into  two  more  or  less 
branched  tubes.     There  is  fL  complex  pharyngeal  apparatus, 
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probably  having  the  same  fuDCtion  as  in  Scorpio.'  The 
stomach  gives  off  cascal  prolosgations  which  may  extend  far 
into  the  hmbs.  There  is  usually  a  dilated  short  rectum,  into 
which  the  braocfaed  Malpighiaa  ducts  open.  The  nervous 
system,  more  conceDtrated  than  that  of  the  ArthrogaatrOf  is 
reduced  to  a  supra-oesophageal  ganglion  and  a  single  post- 
cesopLagealmasB,  with  four  indeotatioDs  oa  either  side.  There 
are  six  or  eight  simple  eyes  in  the  anterior  part  of  the  cara- 
pace. Auditory  organs  have  not  been  discovered  in  these  or 
any  other  Araeknido. 

One  of  the  most  characteristic  ors^ns  of  the  Araneina  is 
the  arachnidium,  or  apparatus  by  which  the  fine  silky  threads 
which  constitute  the  web  are  produced.  H.  Meckel,'  who 
has  fully  described  this  apparatus  as  it  occurs  in  £!peira  dia- 
dema,  states  that,  in  the  adult,  more  than  a  thousand  glands. 


Flo.  B9,  B.— Thehearti 

with  separate  excretory  ducts,  secrete  the  viscid  material, 
which,  when  exposed  to  the  air,  hardens  into  silk.     These 

■lyonet's  "  Anatomie  de  difKreoteB  Esp^a  d'InseoteB"  ("MSm.  do  Mu- 
86nm  d'HiBtoire  Naturelle,"  1829)  cont^nsan  elaborate  account  of  t¥i8  appa- 
ratus, as  well  as  of  tho  Btruotura  of  the  pedipalps  of  the  male  Bpidera. 

■  "  MikroKrapMo  oinii^er  Driisenapparate  der  Qiederen  Thlere."  (MoUw'b 
"  Ardiiv,"  ISIS.)    8m  bIbo  Buchholz  and  LandoU.    (Ibid.,  18«S.) 
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glands  are  divisible  into  five  different  kinds  (aciniform,  am- 
puUate,  aggregate,  tubuliform,  and  tuberous),  and  their  ducts 
ultimately  enter  the  six  prominent  arachnidial  mammilke, 
which,  in  this  species,  project  from  the  hinder  end  of  the 
abdomen.  The  superior  and  inferior  mammiUas  are  three- 
jointed,  the  middle  one  is  two-jointed.  Their  terminal  faces 
are  truncated,  forming  an  area  beset  with  the  minute  arach- 
7iidial papiUcB  by  which  the  secretion  of  the  glands  is  poured 
out. 

The  males  are  smaller  than  the  females,  and  their  ap- 
proaches to  the  latter  are  made  with  extreme  caution,  as 
they  run  the  risk  of  being  devoured  ;  extending  their  pedi- 
palps,  they  deposit  the  spermatophores  in  the  female  genital 
aperture,  and  betake  themselves  to  flight. 

The  Araneina  are  oviparous,  but  the  development  of  the 
embryo  takes  place  as  in  the  Arthrogastra.  and  there  is  no 
metamorphosis.' 

The  Acarina. — In  the  Mites  and  Ticks,  the  hinder  so- 
mites are,  as  in  the  Spiders,  distinctly  separated  from  one  an- 
other, but  they  are  not  separated  by  any  constriction  from 
the  anterior  somites. 

The  bases  of  the  chelicerae,  and  of  the  pedipalpi,  coalesce 
with  the  lahrum,  and  give  rise  to  a  suctorial  rostrum  (Fig. 
90). 

There  are  usually  several  gastric  caeca,  but  no  distinct 
liver.  Salivary  glands  occur  in  some,  and  Malpighian  caeca 
are  occasionally  found.  No  heart  has  yet  been  discovered. 
Special  respiratory  organs  are  sometimes  wanting  (e.  g.,  Sar- 
copies)  ;  when  present,  they  are  tracheal  tubes,  springing 
brush- wise  from  a  common  trunk  which  opens  by  a  stigma. 
The  stigmata  are  usually  two,  sometimes  anterior  and  some- 
times posterior  in  position.  The  ganglia  of  the  nervous  sys- 
tem are  concentrated  round  the  gullet,  as  in  the  Spiders ;  and 
the  reproductive  aperture  is  situated  far  forward,  sometimes 
close  to  the  rostrum. 

The  greater  number  of  the  Aearina  are  parasites  upon 
other  animals  or  upon  plants. 

Most  are  oviparous,  but  the  OrihatidcB  are  viviparous. 
The  course  of  the  development  of  the  embryo  is  the  same  as 
in  the  Spiders.     The  young,  when  born,  are  frequently  pro- 

»  Clapar^de,  "  Recherches  sur  rEvolution  des  Araign^ee,'*  1869.     Also 
Balbiani,  "  Ann.  des  Sc.  Nat.,"  1878. 
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yided  with  only  three  pairs  of  ambulatory  limbs,  the  fourdi 
pair  making  its  appearance  only  after  eodysis  has  occurred. 


Fi».  V>.—Leodt>  ri 

if,*,  foarlb,  thlr<l,aiid  eecomJjolotB  of       ,..,--  --  

proboflcia  ;  /,  boae  of  ths  proboecfB  ;  ff,  BtigmA  ;  h,  genital  &pertUTQ  { 


In  some  Acarina,  a  singular   kind  of   metamorphosis 

occurs. 

Thus,  in  Atax  Somi,  ClaparSde*  observed  that,  before 
the  limbs  appear  on  the  blastoderm,  a  chitinous  outicula  is 
separated  and  forma  an  envelope,  which  he  terms  the  "sac 
of  the  deutovum."  The  proper  viteliine  membrane  bursts 
into  two  halves,  much  as  in  Limulus,  and  the  deutovum 
emerges.  In  the  mean  while,  the  anterior  end  of  the  blasto- 
derm becomes  fashioned  into  two  procephalio  Jobea ;  while 
five  pairs  of  tubercles,  answering  to  the  rudiments  of  the 
chelicene,  pedipalpi,  the  two  posterior  gnathites,  and  one 
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pair  of  thoracic  limbs  of  the  Spiders,  make  their  appearance 
beneath  the  sac  of  the  deutovum.  The  rudiments  of  the 
chelioerae  and  pedipalpi  apply  themselves  together,  and  coa- 
lesce into  a  proboscis.  Thus  the  first  larval  form  is  com- 
pleted. It  tears  the  pseudoval  sac,  emerges,  and  buries 
itself  in  the  branchiae  of  the  fresh-water  mussel  (  Uhio),  upon 
which  it  is  parasitic.  The  cuticular  investment  of  the  first 
larva  now  becomes  distended  by  absorption  of  water,  and 
forms  a  globular  case,  the  limbs  being  drawn  out  of  their 
sheaths.  The  second  larval  sta£:e  completes  itself  within  the 
sac  formed  by  this  singular  ecdysis.  The  two  palpi  are  de- 
veloped  from  the  pedipalpal  portion  of  the  proboscis;  two 
horny  hooks  from  the  cheliceral  portion  ;  and,  finally,  the 
hinder  pair  of  thoracic  Umbs  is  added.  This  second  larva 
gradually  passes  into  the  adult  AtcKC, 

In  the  Acarus  {Myohia  coarctata)  of  the  Mouse,  Clapardde 
observed  that  the  deutovum  stage  is  followed  by  a  tritovum ; 
the  chitinous  sac,  which  invests  the  embryo  within  the  deuto- 
vum, apparently  representing  the  cuticle  of  the  first  larva  of 
Atttx»  In  this  case,  it  presents  a  parallel  to  the  NaupUioa 
cuticle  of  Mysis, 

The  Arthrogastra^  the  Araneina^  and  the  Acarina  (with 
some  doubtful  exceptions  among  the  latter),  possess  the  same 
number  of  appendages,  and  do  not  differ  from  one  another  so 
much  as  do  the  different  forms  of  the  Copepoda^  among  the 
Crustacea.  But  the  remaining  groups,  which  are  usually  in- 
cluded among  the  Arachnida^  namely,  the  Pycnogonida^  the 
Arctiscay  and  the  Pentastomida^  diverge  widely  from  the  Ar- 
throgastra  and  the  Araneina^  though  each  exhibits  certain 
approximations  to  the  Acarina. 

The  Ptcnogoneda. — ^These  are  marine  animals,  with  short 
bodies  terminated  in  front  by  a  rostrum  like  that  of  the  Mites, 
but  with  a  mere  tubercle  in  place  of  the  posterior  thoracic  and 
abdominal  somites.  The  adult  has  four  pairs  of  enormously- 
elongated,  many-jointed,  ambulatory  limbs,  in  front  of  which 
are  three  pairs  of  short  appendages,  the  anterior  of  which  may 
be  chelate,  while  the  posterior  are  more  or  less  rudimentary 
(Fig.  91). 

The  alimentary  canal  sends  off  very  long  cseca  into  the 
legs.  There  is  a  short  heart,  but  no  distinct  respiratory  or- 
gans exist.  A  cerebral,  nervous  mass  is  connected  with  a 
ventral  chain  of  four  or  five  pairs  of  ganglia.  Four  eyes  are 
seated  upon  a  dorsal  tubercle  above  the  brain.    The  sexes  are 
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distinct,  and  the  testes  and  ovaria  are  lodged  in  the  legs  and 
open  upon  their  basal  joints. 


Fio.  9i.—Ammathea  pyenogorUdes,  female  (after  QnatrefRgefl).— a,  oesophaeafl;  <f, 
antenniB ;  6,  etomacb  with  its  prolongation  into  the  antenniB  and  umoB  e  *  e, 
rectum. 

The  embryo  emerges  from  the  egg  as  a  larva  provided  with 
a  rostrum,  and  with  three  pairs  of  appendages,  which  repre- 
sent the  short,  anterior  three  pairs  in  the  adult/  The  four 
pairs  of  great  limbs  of  the  adult  are  produced  by  outgrowths 
from  a  subsequent  posterior  elongation  of  the  body. 

The  comparison  of  the  embryos  of  the  Pycnogonida  with 
those  of  the  Acarina^  especially  such  as  leave  the  egg  with 
three  pairs  of  appendages,  appears  to  me  to  leave  little  doubt 
that  the  rostrum  of  the  larva  Pycnogonum  is  formed,  as  in 
the  Mites,  by  the  coalesced  representatives  of  the  chelicerse 
and  pedipalpi.  If  so,  the  seven  other  pairs  of  Umbs  are,  by 
three  pairs,  in  excess  of  the  number  found  in  any  Arachnidan. 

^  A.  Dohm,  **  Untersuchungen  uber  Bau  und  Entwickelung  der  Arthro- 
poden."    Eretes  Heft.    1870. 


i  PTCNOGONIDA. 


On  the  other  hand,  the  hexapod  larva  of  the  Pycnogonida 
differs  from  the  hexapod  Nauplius  of  the  Crustacea,  iQasmucli 
as  the  three  pairs  of  appendages  of  a  Nauplius  always  repre- 


Fis.  Vi.—Jf(KnibMm  ScAaUat  <  x  100}.— a.  moDtb  with  six  onl  paplIlB  ;  b,  unnel, 
calcined  a^leti ;  e,  mttnij  eUndB ;  d,  mnaculiu  pharynx  ;  e,  ovbt;  :  /,  Teaieula 

sent  antenoary  and  mandibular  appendages,  and  these,  by  the 
hypothesis,  are  to  be  sought  in  the  rostrum  of  the  Pt/cnogo- 
nida. 

The  foot  to  which  reference  has  already  been  made,  that 
the  embryo  Scorpion  has  six  pairs  of  rudimentary  appendages, 
attached  to  aa  many  of  the  anterior  free  somites,  of  which  one 
pair  only  remain  (as  the  pectines)  in  the  adult,  leads  me  to 
suspect  that  the  Pycnogonida  may  represent  a  much  modified 
'   {"  An^v  fiir  mikr. 
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early  ArachDidan  form,  from  which  the  Arthrogastra^  Aror 
fieideay  and  Acaridea^  have  branched  o£ 

The  Abctisca,  or  Tabdigbada,  are  microscopic  animals, 
found,  in  association  with  Motif era^  in  moss  and  in  sand,  rare- 
ly in  water,  which  present  many  points  of  resemblance  to  the 
Acarina,  The  body  (Fig.  92)  is  vermiform,  with  four  pairs 
of  tubercles,  representing  limbs,  terminated  by  two  or  more 
claws.  The  fourth  pair  is  directed  backward  at  the  hinder 
end  of  the  body,  so  that  if  these  appendages  answer  to  the 
hinder  pair  of  limbs  in  the  typical  Arachnida^  the  hinder  tho- 
racic, and  all  the  abdominal,  somites  are  undeveloped.  The 
mouth  is  situated  at  the  extremity  of  a  rostrum  provided  with 
two  stylets,  which  is  so  like  that  of  the  Acarina^  that  it  may 
probably  be  regarded  as  formed  by  the  coalescence  of  cheli- 
ceral  and  pedipalpal  tubercles.  There  is  a  muscular  pharynx 
leading  into  a  wide  alimentary  canal,  which  gradually  narrows 
to  the  anus.  No  organs  of  circulation  or  of  respiration  exist. 
The  paired  ventral  ganglia,  which  correspond  in  number  with 
the  appendages,  are  large.  They  are  connected  by  longitu- 
dinal commissures  with  one  another,  and  with  a  prae-oesopha^ 
geal  cerebral  mass  which  sometimes  bears  two  eyes.  The 
Arctisca  are  hermaphrodite,  the  ovarian  sac  and  the  two 
testes  opening  together  into  a  cloacal  dilatation  in  which  the 
intestine  terminates.  The  ova  are  relatively  very  large,  and 
the  cuticle  of  the  parent  is  cast  oflf  and  incloses  them  when 
they  are  laid,  as  a  sort  of  epbippium.  Complete  yelk-division 
takes  place.  The  young  have  one-third  the  size  of  the  adult 
when  they  are  hatched,,  and  they  undergo  no  metamorphosis 
beyond  the  addition,  in  some  cases,  of  one  pair  of  limbs  after 
birth/ 

The  pENTASTOMroA. — A  still  more  aberrant  form  is  the 
parasitic  Lingtbotula^  or  Pentdstomuniy  which  is  found  in  a 
sexless  condition  in  the  lungs  and  liver  of  herbivorous  mam- 
mals and  of  reptiles,  and  in  the  sexual  state  in  the  nasal  cav- 
ities and  maxillary  antra  of  Carnivores.  Thus,  as  Leuckart's 
investigations  have  proved,  Pentdstomum  tcenioides,  which 
inhabits  the  latter  cavities  in  the  dog  and  the  wolf,  is  the 
sexual  state  of  the  P,  denticulatum^  which  occurs  in  the  liver 
of  hares  and  rabbits.' 

>  Kaufmann,  *'  Entwickelung  iind  systematische  Stellung  der  Tardigraden.*' 
{Z&U.  wiss.  Zooloaie^  1851.) 

s  **  Bau  und  Entwickeluugsgeschiclite  der  Pentastomen,''  1860. 
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The  PentOBtomida  are  elongated  vermiform  aaimale,  the 
bodies  of  which  are  divided  hy  close-set  traDBverae  oonstrio- 


Fn.  SS.— Anfatiomvin  fizntoUtt.— A.  Male.  B.  female.  C,  Asterlor  end  ol  Lhe  bod j : 
a,  anterior  hooks ;  b,  pceterlor  hoobi ;  d,  manlh ;  c,  nidlmetitsiT  palpltorm  cr- 
gsn?.    (Arter  Leacksrt.) 

tions  into  numerous  short  segments.  At  first  sight  they 
appear  to  be  entirely  devoid  of  appendages,  but,  on  carefid 
inspection,  four  curved  hooks  are  found,  two  on  each  side  of 
the  mouth,  which  is  situated  rather  behind  the  anterior  ex- 
tremity of  the  body.     Bach  hook  is  solid,  and  its  base  pro- 


Pia. «.— Bmbijo  of . 


jects  into  the  cavity  of  the  body  and  gives  attachment  to  the 
muscular  bands  by  which  it  is  moved. 

The  mouth  is  surrounded  by  a  chitinous  ring ;  a  narrow 
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CBSophagus  leads  from  it  into  a  nearly  cylindrical,  straight, 
alimentary  canal,  which  terminates  in  the  anus,  in  the  middle 
line  of  the  posterior  extremity  of  the  body.  A  mesentery  is 
attached  to  the  whole  length  of  the  alimentary  canal  and 
holds  it  in  place.  A  nervous  ring  surrounds  the  oesophagus, 
and  posteriorly  presents  a  ganglionic  enlargement  whence 
nerves  are  given  off  to  the  bodv.  The  muscles  are  striated. 
The  sexes  are  distinct,  and  the  males  are  usually  much 
smaller  than  the  females. 

The  testicle  is  an  elongated  sac  which  lies  on  the  ventral 
aspect  of  the  intestine,  and  is  connected  anteriorly  with  two 
vasa  deferentia.  These  terminate  on  the  fore-part  of  the 
ventral  aspect  of  the  body,  each  having  a  saccular  dilatation 
which  contains  a  very  long,  coiled,  chitinous  penis.  In  the 
female,  the  ovary  is  also  a  large  sac  and  the  oviducts  come 
off  from  its  anterior  end,  but  the  genital  aperture  is  close  to 
the  anus. 

The  ova  undergo  their  development  in  the  ovary.  The 
embryos  are  oval,  but  taper  to  the  posterior  end.  In  the 
middle  line,  in  front,  are  three  sharp  protractile  styles,  of 
which  the  middle  is  the  longest.  Two  pairs  of  articulated 
limbs  are  attached  to  the  middle  of  the  ventral  aspect ;  each 
is  terminated  by  a  double  hooked  claw.  The  embryo  of  Idn- 
guatula  thus  resembles  those  of  the  Acarina^  on  the  one 
hand,  and  those  of  such  parasitic  Crustacea  as  AnchoreUa, 
on  the  other. 

In  the  case  of  Pentastomum,  tcenioides,  the  embryos,  in- 
closed in  their  vitelline  membranes,  pass  out  of  the  bodies  of 
the  dog  or  wolf,  along  with  the  nasal  mucus.  Taken  into  the 
body  along  with  the  food  of  the  hare  or  rabbit,  they  emerge 
from  the  egg,  penetrate  the  walls  of  the  intestine,  and  lodge 
themselves  in  the  liver.  Here  they  become  encysted,  grow, 
and  go  through  a  series  of  changes  of  form,  accompanied  by 
repeated  ecdyses,  until  they  pass  into  the  state  known  as 
Pentastomum  denticulatum.  If  the  flesh  of  the  rodent  con- 
taining P  denticulatum  is  devoured  by  a  dog,  the  parasite 
passes  into  the  frontal  sinuses  or  maxillary  antra  of  the 
latter,  gradually  takes  on  the  form  of  P,  tmnioides,  and  ac- 
quires sexual  organs.  The  parasitism  of  the  Pentastomida, 
therefore,  is  very  similar  to  that  of  the  Cestoidea, 

Spiders  and  Mites  abounded  in  the  tertiary  epoch,  as 
their  remains,  preserved  in  amber,  show.  Various  Arthro- 
gastra  occur  in  the  mesozoic  formations,  while  Spiders  and 


THE  MYRIAPODA.  337 

}ize  have  been  found  in  the  carboaifer- 


The  Mtbufoda. — In  these  Arthropods,  the  body  is  di- 
vided into  many  segments,  the  most  anterior  of  which  takes 
on  the  characters  of  a  distinct  head  ;  and  almost  all  these 
segments  bear  articulated  limbs  terminated  by  claws.  In 
the  Centipedes  ( GAUopoda),  the  segments  of  the  body  have 
broad  sterna,  and  the  bases  of  tfac  limbs  are  far  apart ;  but, 
in  the  Millipedes  (CfiUognaiha),  the  sternal  region  is  rudi- 
mentary, and  the  bases  of  the  limbs  are  close  together. 


Moreover,  in  the  latter  group,  the  majority  of  the  segments 
of  the  body  bear  two  pairs  of  limbs,  and  probably  represent 
two  somites. 
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The  head  is  either  flattened  from  above  downward  (Chi' 
lopoda)y  or  from  before  backward  (ChUognatha).  Some 
species  are  blind,  but  the  majority  have  eyes,  which  are  gen- 
erally smaU  and  not  very  numerous  ocelli,  though,  in  some 
cases,  they  are  large  compound  eyes.  There  is  always  a  pair 
of  jointed  antennae. 

The  majority  have  the  mouth  constructed  for  biting,  and 
are  provided  with  a  pair  of  mandibles,  the  most  important 
peculiarity  of  which  is  that  they  are  jointed,  and  thus  depart 
less  from  the  type,  of  the  ordinary  limb  than  do  those  of  in- 


Plo.  ^.—Scdlopendra  Hopei  (after  Newport).  ^        .   ,. 

A.  Dorsal  view  of  the  anterior  part  of  the  body ;  a,  antennae ;  A^  cephalic  eegment ; 
B,  basilar  segment. 

B.  Ventral  view  of  the  head  •  a,  B,  as  before. 

C.  Under  view  of  the  cephalic  segment,  showing  the  antennue,  a;  the  eyes,  •;  the 
lab  mm  and  the  mandibles,  IV'.  ,  *  .1     ^     ., 

D.  The  second  pair  of  gnathites  V,  and  the  first  pair  of  appendages  of  the  bandar 
segment  VF. 

sects,  while,  to  the  same  extent,  they  approach  the  gnathites 
of  the  Peripatidea,  The  mandibles  are  more  modified  in  the 
Chilopoda  (Fig.  96)  than  in  the  GUlognaiha,  In  the  latter, 
the  second  pair  of  gnathites  form  a  broad  four-lobed  plate 
which  plays  the  part  of  an  under-lip,  while,  in  the  Chilopoda^ 
they  are  soft  and  jointed,  and  united  at  their  bases  by  a  bi- 
lobed  median  process  (Fig.  96,  v').     In  the  Chilognatha  the 
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four  segments  which  f oUow  the  head  are  free,  and^their  append* 
ages  resemble  ordinary  limbs.  The  anterior  pair  is  turned 
forward  and  comes  into  relation  with  the  mouth,  and  the  ter- 
gum  of  the  first  somite  is  often  enlarged ;  of  the  other  three 
somites,  the  appendages  of  one  appear  to  be  always  abortive. 
Thus  there  are  three  ♦segments  with  single  pairs  of  legs. 
The  rest  each  bear  two  pairs. 

In  the  Chilopoda^  on  the  contrary,  the  head  is  followed  by 
a  basilar  segment  (Fig.  96,  J5),  formed,  according  to  Newport, 
by  the  union  of  four  embryonic  somites,  and  carrying  three 
pairs  of  appendages.  Of  these  the  first  are  limb-like,  but 
are  turned  forward  beneath  the  mouth  (Fig.  96,  D,  vi')  ;  the 
second  pair  are  the  strong  recurved  poison-claws,  and  the 
hindermost  pair  may  become  functional  legs,  resembling  those 
which  are  attached  to  the  succeeding  somites,  but  are  always 
smaller  than  the  others,  and  may  be  altogether  aborted  in  the 
adult.  The  somites  of  the  body  never  bear  more  than  one 
pair  of  limbs. 

The  alimentary  canal  is  usually  straight  and  simple,  like 
that  of  an  insect  larva.  There  are  large  salivary  glands,  and 
the  intestine  is  provided  with  Malpighian  tubules. 

The  heart  extends  through  the  greater  part  of  the  length 
of  the  body,  and  is  many-chambered,  there  being  one  cham- 
ber for  each  of  the  somites  in  which  it  lies.  Each  chamber  is 
somewhat  conical  in  shape,  being  broader  behind  than  in  front, 
and  admits  the  blood  by  a  pair  of  lateral  clefts,  while  the 
blood  leaves  it,  in  part  by  the  communication  with  the  adja- 
cent chamber,  in  part  by  lateral  arterial  branches.  A  medi- 
an aortic  trunk  continues  the  heart  forward,  and  the  lateral 
trunks  encircle  the  oesophagus  and  unite  into  an  artery  which 
lies  upon  the  ganglionic  chain.  The  arterial  system  in  the 
Chilopoda  is,  in  fact,  as  complete  as  that  of  the  Scorpions.^ 

The  respiratory  organs  are  tracheae,  which  open  by  stig- 
mata on  the  lateral  or  ventral  surface  of  more  or  fewer  of  the 
somites.  In  Scutigera  the  stigmata  are  situated  in  the  me- 
dian dorsal  line  of  the  body. 

The  nervous  system  presents  a  ventral  chain,  with  a  pair 
of  ganglionic  enlargements  for  each  segment  of  the  body,  the 
most  anterior  of  which  are  connected  by  commissures,  which 
embrace  the  oesophagus,  with  the  cerebral  ganglia. 

The  ovary  in  both  Chilognatha  and  Chilopoda  is  long, 

•  Newport,  "  On  the  Structure,  Relations,  and  Development  of  the  Nervous 
and  Circulatory  Systems  in  the  Myriapoda  and  Macrurous  Arachnida."  ("  Phi- 
losophical Transactions,"  1863.) 
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single,  and  tubular  in  form.  It  lies  above  the  alimentary 
canal  in  the  latter,  between  the  alimentary  canal  and  the  ner- 
vous system  in  the  former.  The  double  vaginae  open  od,  or 
close  behind,  the  bases  of  the  second  pair  of  legs  in  the  Chi- 
lognatha  ;  at  the  posterior  end  of  the  body,  beneath  the  anus, 
in  the  Chilopoda,  Two  spermathecas  and  coUeterial  glands 
are  very  generally  present. 

The  testes  in  the  Chilognatha  are  tubular  glands,  which 
occupy  the  same  position  as  the  ovary,  and  open  in  the  same 
region.  They  have  lateral  caeca,  and  are  connected  by  trans- 
verse ducts.  Two  copulatory  organs,  or  penes,  are  developed 
on  the  sternal  face  of  the  sixth  segment  which  follows  the 
head,  or  are  connected  with  the  bases  of  the  seventh  pair  of 
legs. 

In  the  Chilopoda  there  is  a  good  deal  of  variation  in  the 
structure  of  the  testis.  Thus,  in  LithohiuB^  the  testis  is  a 
single  filiform  tube,  connected  at  the  hinder  end  with  two 
deferent  ducts  which  embrace  the  rectum.  A  large  caecum, 
apparently  a  vesicula  seminalis,  opens  into  each  deferent  duct. 
But,  in  most  Chilopods,  the  testes  are  fusiform  acini,  united 
by  delicate  ducts  with  a  median  vas  deferens.  Two,  or  four, 
pairs  of  accessory  glands  are  connected  with  the  opening  of 
the  male  apparatus. 

The  spermatozoa  are  inclosed  in  spermatophores  in  Scokh 
pendra^  Cryptops,  and  GeophUus. 

The  Chilognatha  copulate.  In  Glomeris  and  Polyxewus 
the  genital  apertures  of  the  two  sexes  are  brought  together 
during  copulation  ;  but,  in  IvJ/us^  the  penes  of  the  male  are 
charged  with  the  spermatic  fiuid  before  copulation  takes  place, 
and  it  is  by  their  agency  that  the  female  is  impregnated. 

The  Chilopoda  have  not  been  observed  to  copulate ;  in- 
deed, the  female  shows  a  tendency  to  destroy  the  males,  as 
among  spiders.  The  male  Geophilua  spins  webs  like  those 
of  spiders  across  the  passages  which  he  frequents,  and  depos- 
its a  spermatophore  in  the  centre  of  each. 

Metschnikoff '  has  recently  shown  that,  in  the  Chilognatha^ 
the  process  of  yelk-division  is  complete,  and  confirms  the  obser- 
vation of  Newport  ("  Phil.  Trans.,"  1841),  that  the  sternal  face 
of  the  blastoderm  becomes  sharply  infolded  down  its  centre, 
in  such  a  manner  that  the  anterior  and  the  posterior  halves  of 

>  Favre,  ** Anatomie  dee  or^anes  reproducteurs  des  Myriapodes."  ("  AnnaloB 
des  Sciences  Naturelles,''  1856.> 

*  '•''  Embryologie  der  doppelfCissigen  Myriapoden  {Chilognatha),'*^  (ZeU- 
sekrift/ur  wis8.  Zoologie,  1874.) 
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that  face  of  the  embryo  become  closely  applied  together. 
Metschnikoff  further  points  out  that  only  two  pairs  of  ap- 
pendages are  converted  into  gnathites,  and  that  a  chitinous 
cuticula,  apparently  identical  with  what  Newport  describes 
as  the  "  amnion  "  in  lulus^  is  early  thrown  off  from  the  em- 
bryo. In  some  species  it  develops  a  median  tooth-like  pro- 
cess, which  serves  to  burst  the  vitelline  membrane.  New- 
port describes  a  short  cord,  or  funiculus^  which  connects  the 
anal  extremity  of  the  embrjo  with  the  so-called  "  amnion." 
It  is  not  improbable  that  this  is  simply  the  continuation  of 
the  first  larval  skin  into  the  rectum. 

The  embryo  lulus  at  first  bursts  the  vitelline  membrane, 
and  is  inclosed  only  in  the  embryonic  integument.  At  this 
period  its  body  is  divided  into  eight  segments,  of  which  the 
first  represents  the  head.  Traces  of  the  antennae  are  visible 
on  the  sides  of  the  head,  and  the  four  following  segments 
exhibit  papillae  ;  those  of  the  second,  third,  and  fifth  segments 
develop  into  the  three  pairs  of  functional  limbs,  with  which 
the  young  myriapod  is  at  first  provided. 

Between  the  terminal  segment  and  the  seventh  the  body 
grows  and  becomes  divided  into  six  rudimentary  new  seg- 
ments. The  terminal  segment  also  becomes  divided  into 
two.  Thus,  when  the  young  escapes  from  the  embryonic 
integument,  it  consists  of  nine  complete  segments,  including 
the  head,  with  six  rudimentary  segments  interposed  between 
the  penultimate  and  the  antepenultimate — making  fifteen  in 
all ;  which  is  the  full  number  of  segments  (head  4-  three  tho- 
racic +  eleven  abdominal  somites)  possessed  by  an  insect 
larva. 

There  is  this  difference,  however,  between  the  insect  and 
the  larval  myriapod  :  that  since,  in  the  latter,  there  are  only 
two  pairs  of  gnathites,  which  must  answer  to  the  mandibles 
and  first  maxillae  of  insects,  the  ambulatory  appendages  of 
the  second  segment  must  represent  the  second  maxillae  of 
insects  ;  and  hence,  though  there  is  apparently  the  same 
number  of  somites  in  the  two  cases,  there  must  in  reality  be 
one  fewer  in  the  myriapod.  The  myriapod  larva,  therefore, 
notwithstanding  its  hexapod  character,  is  essentially  differ- 
ent from  an  insect  larva. 

The  sixth  and  the  seventh  segments  develop  two  pairs  of 
legs,  as  do  all  the  newly-formed  segments  ;  and  it  is  worthy 
of  notice  that  the  male  copulatory  apparatus,  inasmuch  as  it 
is  situated  in  the  seventh  (sixth  postcephalic)  segment  in  the 
adult,  is  developed  from  one  of  the  primary  segments  of  the 
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embryo,  and  not  from  the  subsequently-added  segments. 
New  segments,  each  giving  rise  to  two  pairs  of  limbs,  are 
developed  by  sixes  in  the  germinal  region  between  the  penul- 
timate segment  and  the  hindermost  of  the  newly-formed  seg- 
ments, until  the  full  number  of  the  adult  is  complete. 

In  all  other  ChUognatha  of  which  the  development  has 
been  traced,  the  young,  at  first,  possess  only  three  pairs  of 
functional  legs ;  and  one  of  the  four  segments  which  follow, 
the  head  is  apodal.  According  to  Fabre,  the  apodal  seg- 
ment in  Polydeamus  complanatus  is  the  second,  and  not,  as 
in  luluSy  the  third. 

In  the  Ohilopoda  the  young  leave  the  egg  with  seven 
{LithohiuSy  Scutigera)  or  a  greater  number  of  pairs  of  ambu- 
latory limbs.  Scolopendra  is  said  to  be  viviparous.  The 
early  stages  of  development  of  OeophUua  have  been  de- 
scribed by  Metschnikoff.*  Complete  yelk-division  takes 
place,  and  when  the  young  leaves  the  egg  it  has  a  cylindrical 
body,  like  that  of  one  of  the  Ghilognatha^  and  possesses  many 
pairs  of  limbs.  Newport '  has  pointed  out  that,  in  Oeophi- 
lu8  hngicomiSy  the  basilar  segment  is  formed -by  the  conflu- 
ence of  four  somites,  of  the  appendages  of  which  only  two 
are  ultimately  developed.  Thus  the  basilar  segment  of  the 
head  of  the  Ohilopoda  appears  to  correspond  very  closely 
with  the- four  somites  which  follow  the  head  in  the  Chilogna- 
tha.  Under  these  circumstances,  the  difference  in  the  posi- 
tion of  the  reproductive  apertures  in  the  two  groups  is  ex- 
ceedingly remarkable. 

Fossil  Myriapoda  occur  both  in  the  tertiary  and  secondary 
formations,  and  there  seems  no  reason  to  doubt  that  the 
XylohiiM  sigiUaricB  discovered  in  the  coal  of  Nova  Scotia  by 
Lyell  and  Dawson  is  to  be  referred  to  this  group. 

The  Insecta. — ^Notwithstanding  the  vast  number  and  the 
singular  diversity  of  form  of  Insects,  the  fundamental  unity 
of  their  structure  is  remarkable,  and,  in  this  respect,  the  group 
exhibits  a  striking  contrast  to  the  Crustacea. 

The  division  of  the  body  into  three  regions — head,  thorax, 
and  abdomen — is  usually  well  marked,  not  only  by  the  peculiar 
modifications  which  the  cephalic  and  thoracic  somites  under- 
go, but  by  the  attachment  of  the  three  pairs  of  ambulatory 

2  2^eit8chrift  fur  wisa.  Zoologie^  1876. 

»  Monograph  of  the  class  Myriapoda,  order  CkUopoda.    (**  Transactioiifi  of 
the  LinniBan  Society,"  xiz.) 
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limbs  exclusively  to  the  latter.  The  head  possesses  four  pairs 
of  appendages,  that  is  to  say,  one  pair  of  antennas  and  three 
pairs  of  gnathites ;  and,  as  a  general  rule,  there  is  a  pair  of 
compound  eyes,  sessile  upon  the  sides  of  the  head  ;  sometimes 
simple  eyes  are  added  to  them.  The  first  pair  of  gnathites 
are  the  mandibles^  which  are  always  devoid  of  a  palp.  The 
second  pair  are  the  maxillcBy  which,  in  those  insects  in  which 
the  mouth  is  least  modified,  are  distinct  from  one  another  and 
laterally  movable ;  while  the  third  pair  of  gnathites  are 
united  together  in  the  median  line,  and  constitute  the  labium, 
of  entomologists.  In  front  of  the  oral  aperture  is  a  median 
plate,  the  labrum  /  while  from  the  floor  of  the  mouth  formed 
by  the  labium  another  median  process,  the  lingua^  is  usually 
developed. 

It  is  hardly  open  to  doubt  that  the  mandibles,  the  maxillae, 
and  the  labium,  answer  to  the  mandibles  and  the  two  pairs  of 
maxillae  of  the  crustacean  mouth.  In  this  case,  one  pair  of 
antennary  organs  found  in  the  latter  is  wanting  in  insects,  as 
in  other  air-breathing  Arthropods,  and  the  existence  of  the 
corresponding  somite  cannot  be  proved.  But  if  it  be  sup- 
posed to  be  present,  though  without  any  appendage,  and  if 
the  eyes  be  taken  to  represent  the  appendages  of  another 
somite,  the  insect-head  will  contain  six  somites,  the  praeoral 
sterna  being  bent  up  toward  the  tergal  aspect,  as  in  the  higher 
Crustacea, 

The  three  somites  which  succeed  the  head  are  termed  tQ' 
spectively  joro^ A orcKC,  mesothorax^  and  metathorax,  A  pair 
of  legs  is  normally  attached  to  each ;  and,  when  wings  exist, 
they  are  lateral  expansions  of  the  tergal  region  (correspond- 
ing with  the  pleura  of  Grustaxied)  of  the  mesothorax  or  the 
metathorax,  or  of  both. 

In  the  abdomen  there  are,  at  most,  eleven  somites,  none 
of  which,  in  the  adult,  bear  ambulatory  limbs.  Thus,  assum- 
ing the  existence  of  six  somites  in  the  head,  the  normal  num- 
ber of  somites  in  the  body  of  insects  will  be  twenty,  as  in  the 
higher  Crustacea  Arachnida^ 

One  of  the  commonest  of  insects,  the  Cockroach  (Blatta 
{Periplaneta)  orientalis)  is  fortunately  one  of  the  oldest,  least 

'  It  is  open  to  question  whether  the  podical  plates  represent  a  somite ;  and 
therefore  it  must  be  recollected  that  the  total  number  of  somites,  the  existence 
of  which  can  be  actually  demonstrated  in  insects,  is  only  seventeen,  viz.,  four 
for  the  head,  three  for  tne  thorax,  and  ten  for  the  abdomen. 
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modified,  and  in  many  ways  most  instructive  forms ;  at  the 
same  time,  it  is  not  too  small  for  convenient  dissection/ 

In  this  insect  the  head  is  vertically  elongated,  flattened 
from  before  backward,  and  connected  by  a  distinct  neck 
with  the  prothorax.  The  antennae  are  slender,  as  long  as,  or 
rather  longer  than,  the  body.  Large  reniform  compound  eyes 
are  situated  at  the  sides  of  the  head.  The  tergal  portion  of 
the  prothorax  (pronotum)  is  a  wide  shield,  which  overlaps  the 
head,  in  front,  and  the  tergal  portion  of  the  mesothorax,  or 
mesonotumy  behind.  The  legs  are  strong,  and  increase  in 
length  from  the  first  pair  to  the  last.  The  abdomen  is  flat- 
tened from  above  downward,  and  bears  a  pair  of  elongated, 
many- jointed,  setose  styles  (cerci)  at  its  hinder  extremity. 

The  males  differ  very  considerably  from  the  females.  They 
have  two  pairs  of  wings,  of  which  the  anterior  are  brown,  and 
are  of  a  stiff  and  horny  texture.  As  they  serve  to  cover  the 
posterior  wings,  they  are  termed  tegmina.  When  closed, 
the  left  overlaps  the  right,  and  they  extend  back  as  far  as 
the  posterior  edge  of  the  tergum  of  the  fifth  abdominal  so- 
mite. 

The  posterior  wings,  on  the  contrary,  are  thin  and  mem- 
branous ;  and,  in  a  state  of  rest,  are  folded  longitudinally 
upon  themselves,  the  folded  edge  being  internal.  In  this 
condition  they  are  triangular,  the  base  of  the  triangle  lying 
close  to  the  posterior  edge  of  the  fourth  abdominal  somite, 
and  the  right  a  little  overlapping  the  left.  When  forcibly 
unfolded  and  made  to  stand  out  at  right  angles  to  the  body, 
each  of  these  wings  is  seen  to  have  a  nearly  straight,  thick- 
ened, anterior  edge,  while  its  rounded  outer  and  posterior 
edges  are  very  thin.  The  wing  is  strengthened  by  radiating 
thickenings,  or  nervures^  united  by  delicate  transverse  ridges; 
and,  when  left  to  itself,  it  springs  back  into  its  folded  state 
with  some  force. 

The  abdomen  of  the  male  is  not  very  broad.  The  sterna 
of  the  abdominal  somites  are  all  flattened  ;  and,  to  the  hind- 
ermost,  two  minute  unjointed  styles  are  attached,  while  some 
singular  hooked  processes  are  seen,  on  close  inspection,  to 
protrude  between  the  hindermost  tergum  and  the  hindermost 
sternum.  The  abdomen  of  the  female  is  very  much  broader, 
especially  toward  the  middle  of  its  length.  The  hindermost 
sternum  is  convex  and  boat-shaped,  and  its  posterior  half  is 
separated  along  the  middle  line  into  two  halves,  united  only 

»  Sefi.,  for  an  excellent  %ure  and  description,  Rolleston,  "  Forms  of  Aniinal 
Life,"  p.  199,  plate  vi. 
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by  a  thin  and  flexible  membrane.  Sometimes  the  great  egg- 
case,  which  the  female  carries  about  for  some  time  before  it 
is  laid,  is  seen  protruding  between  the  posterior  terga  and 
sterna.  The  female  has  movable  tegmina,  but  thev  are  very 
small,  inasmuch  as  they  do  not  extend  beyond  the  middle  of 
the  metathorax,  and  are  widely  separated  in  the  middle  line; 
they  are,  in  fact,  mere  rudiments  of  the  anterior  wings.  The 
posterior  wings  appear,  at  first,  to  be  altogether  wanting. 
But  the  outer  extremities  of  the  metanotum^  or  tergal  portion 
of  the  metathorax,  present  triangular  areas,  in  which  the  in- 
tegument is  very  thin,  and  exhibits  markings  which  simulate 
the  nervures  of  the  wings.  There  can  be  no  doubt,  in  fact, 
that  these  are  undeveloped  wings,  and  they  show,  in  a  very 
instructive  manner,  that  the  wings  are  modifications  of  that 
part  of  the  insect  skeleton  which  answers  to  the  pleura,  and 
therefore  to  the  lateral  parts  of  the  carapace,  of  a  crustacean. 

The  convex  dorsal  wall  of  the  head  of  the  Cockroach  (Fig. 
97)  is  termed  the  epicranium,  A  median  suture — the  epicror 
nial  suture — may  be  seen,  especially  in  young  Cockroaches, 
traversing  it  from  before  backward,  and  dividing  between  the 
eyes  into  two  branches,  one  of  which  passes  toward  the  artic- 
ulation of  each  antenna.  The  basal  joint  of  the  antenna  is 
attached  to  a  transparent  flexible  membrane,  which  occupies 
an  oval  space,  the  antennary  fossa,  and  allows  of  the  free  play 
of  the  antenna.  A  little  projection  of  the  hard  chitinous  skel- 
eton, when  it  bounds  the  inferior  margin  of  the  fossa,  helps 
to  support  the  joint.  On  the  inner  side  of,  and  above  the  an- 
tennary fossa,  there  is  an  oval  fenestra,  covered  only  by  a 
thin  and  transparent  portion  of  the  integument,  which  allows 
a  subjacent  tissue  of  glistening  white  appearance  to  be  seen 
(Fig.  97,  L,  II.,  b).  These  have  been  regarded  as  rudimentary 
ocelli  by  some  entomologists  ;  but  their  structure  needs  care- 
ful examination  before  this  view  can  be  adopted. 

The  transparent  cornea  of  the  eye,  situated  external  to 
and  behind  the  antennary  fossa,  is  elongated,  wider  above 
than  below,  and  has  a  concave  anterior,  and  slightly  convex 
posterior,  margin.  The  numerous  facets  into  which  the  cor- 
nea is  divided  are  hexagonal  in  shape,  and  very  small. 

The  broad  flattened  region  of  the  fore-part  of  the  head,  on 
the  oral  side  of  the  epicranial  suture,  is  the  clypeus.  It  is 
prolonged  in  front  of  the  mouth,  and  with  the  truncated  edge 
of  this  prolongation  the  flap-like  labrum  is  freely  articulated. 
Behind  the  labrum  are  two,  very  stout,  curved  mandibles, 
strongly  toothed  at  their  extremities  (Fig.  97,  II.,  mn)*    Each 
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mandible  is  articulated  with  the  truncated  edg«  of  the  lateral 
part  of  the  skeleton  of  the  head,  beneath  the  eyes,  which  is 
termed  the  g^ui,  in  such  a  manner  as  to  be  freely  movable 


—Bbataorienliai'.—t.,n.  Sldeimd front vIewBof (he besdr  a,  theeptcranWl 
ffi.  u  the  unAi  of  <he  lateral  tarancbes  of  which  are  b,  the  feneBtm ;  /  the 
b.  tbelahmm  ;  mn.  the  mandible;  ca,  the  csnlo;  tt.  the 
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toward  and  from  the  median  line,  but  in  no  other  direction. 
The  proximal  end  of  the  maxilla  (Fig.  97,  ITI.)  is  formed  by 
an  elongated  basal  articulation,  the  cardo,  which  is  directed 
transversely  to  the  axis  of  the  head,  and  is  connected  with 
the  inferior  margin  of  the  epicranium,  or  rather  with  a  thin 
skeletal  band  which  runs  round  the  posterior  margin  of  the 
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epicranium,  and  is  firmly  united  with  it  only  on  its  dorsal  side. 
This  band  forms  the  boundary  of  the  so-called  occipital  fora- 
men^ br  which  the  cavity  of  the  head  communicates  with  that 

'ml  •• 

of  the  neck,  the  chitinous  wall  of  the  latter  region  being  con- 
tinuous with  it.  Articulated  at  right  angles  with  the  cardo 
is  the  stipeSj  or  second  joint  of  the  maxilla.  This  is  freely 
movable  in  the  lateral  direction,  and  its  outer  distal  angle 
bears  the  continuation  of  the  limb,  or  palpus^  formed  by  two 
short  and  three  long  joints.  Two  processes  terminate  the 
stipes  ;  of  these,  the  anterior  and  outer — the  galea — is  soft, 
rounded,  and  possibly  sensory  in  function,  while  the  posterior 
and  inner — ^the  lacinia — is  a  curved  cutting  blade  with  a 
tbothed  and  spinose  inner  edge. 

The  labium  (Fig.  97,  III.)  consists  of  two  incompletely- 
separated  median  plates,  the  auhmentumhehind^  and  the  men- 
turn  in  front ;  upon  the  latter  follows  a  bilobed  terminal  piece, 
the  ligtda^  each  lobe  of  which  is  again  divided  longitudinally 
into  two  portions,  which  have  considerable  similarity  to  the 
galea  and  lacinia  of  the  maxilla.  The  outer  is  usually  termed 
the  paraglossa. 

Between  the  mentum  and  the  ligula,  on  each  outer  edge 
of  the  labium,  a  small  piece,  the  palpiger^  is  articulated  ;  it 
bears  the  three-jointed  labial  palpus^  which  is  to  be  regarded 
as  the  proper  free  termination  of  the  second  maxilla.  The 
resemblance  between  the  labium  and  a  pair  of  maxillsB  which 
have  coalesced,  is  obvious. 

The  submentum  is  not  directly  articulated  with  the  cranial 
skeleton,  but  its  posterior  edge  is  close  to  one  of  the  cervical 
scUrites^  or  skeletal  elements  observable  in  the  chitinous  in- 
tegument of  the  neck,  of  which  there  are  altogether  seven. 
One  is  dorsal,  median,  and  marked  by  a  deep  longitudinal 
depression.  It  articulates  with  the  dorsal  margin  of  the  oc- 
cipital foramen.  Four  are  lateral,  two  on  each  side  (Fig.  97, 
I.,  Ic)  ;  these  take  an  oblique  course  from  the  dorsal  part  of 
the  boundary  of  the  occipital  foramen,  with  a  tubercle  of 
which  the  anterior  piece  is  articulated,  to  the  anterior  edge 
of  the  episternum  of  the  prothorax.  The  inferior  cervical 
sclerites  (Fig.  97,  L,  ic)  are  two  narrow  transverse  plates,  one 
behind  the  other  in  the  middle  line.  They  appear  to  repre- 
sent the  part  called  gvla^  which,  in  many  insects,  is  a  large 

» I  use  this  tenn  in  the  sense  in  which  it  has  been  employed  by  Milne- 
Edwards,  to  denote  any  definite  hardened  part  of  the  chitinous  skeleton.  It 
is  to  the  latter  what  a  distinct  ossification  is  to  the  skeleton  of  a  vertebrated 
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plate,  confluent  with  the  epicranium  above  and  supporting  the 
submentum  anteriorly.  I  think  it  is  probable  that  these  cer- 
vical sclerites  represent  the  hindermost  of  the  cephalic  somites, 
while  the  band  with  which  the  maxillas  are  united,  and  the 
genae,  are  all  that  is  left  of  the  sides  and  roof  of  the  first  max- 
illary and  the  mandibular  somites ;  the  epicranial  expansions 
being  mainly  formed  by  the  upward  and  backward  extension 
of  the  ophthalmic  and  antennary  sterna,  which  arise  out  of 
the  procephalic  lobes  of  the  embryo.  In  addition  to  these 
externally-visible  sclerites,  there  is  a  sort  of  internal  skeleton 
(endocranium  or  tentorium)^  which  extends  as  a  cruciform 
partition  from  the  inner  face  of  the  lateral  walls  of  the  cra- 
nium, close  to  the  articulation  of  the  mandible,  to  the  sides  of 
the  occipital  foramen.  The  centre  of  the  cross  is  perforated 
by  a  rounded  aperture,  through  which  the  oesophageal  nerve- 
commissures  pass.  The  commencement  of  the  oesophagus 
traverses  the  interspace  between  the  anterior  processes  of  the 
cross  ;  the  tendons  of  the  great  adductors  of  the  mandible 
pass  through  the  lateral  apertures ;  and  the  backward  contin- 
uation of  the  gullet  enters  the  thorax  through  the  posterior 
aperture,  included  between  the  tentorium  and  the  margins  of 
the  occipital  foramen. 

In  each  somite  of  the  thorax  a  distinct  median  sclerite, 
the  sternumy  may  be  observed  ;  and  a  much  larger  tergal 
piece,  the  notum.  At  the  sides  of  the  somite  are  oth^r  defi- 
nitely-arranged sclerites,  the  anterior  of  which  appear  to  an- 
swer to  the  episternum  and  epimera  in  the  Crtistacea,  while 
the  posterior,  perhaps,  properly  belong  to  the  attached  limb. 

Forked  or  double  apodemes,  the  antefurca^  medifurca^ 
and  postfurca^  project  from  the  sternal  wall  of  each  somite 
of  the  thorax  into  its  cavity.  They  support  the  nervous  cord 
and  give  attachment  to  muscles. 

The  legs  present  a  large  basal  joint,  the  coxa^  between 
which  and  the  third,  termed  femur^  a  small  articulation,  the 
trochanter^  is  interposed.  Upon  the  femur  follows  an  elon- 
gated tibia  /  and  this  is  succeeded  by  the  tarsus^  which  con- 
sists of  six  joints.  Of  these,  the  proximal  joint  is  long  and 
stout,  the  three  next  are  short,  the  fifth  is  elongated  and  slen- 
der ;  the  sixth,  very  short,  is  terminated  by  two  curved  and 
pointed  claws  {ungues),^ 

»  Mr,  "Westwood  ("  Modern  Classification  of  Insects,"  vol.  i,  p.  416)  says 
tliat  the  tarsi  are  five-jointed,  and  that  there  is  a  pulvillus  between  the  ungues. 
The  sixth  joint  appears  to  be  what  Mr.  Westwood  terms  pulmllua^  but  it  is  a 
true  joint,  provided  with  a  s|)ecial  flexor,  the  slender  tendon  of  which,  how- 
over,  traverses  several  of  the  joints  of  the  tarsus. 
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The  broad  differences  in  the  structure  of  the  abdomen  of 
the  male  and  female  have  been  already  pointed  out.  Of  the 
eight  terga  externally  visible  in  the  female  (Fig.  98),  the  first 
is  shorter  than  those  which  succeed  it  ;  and  the  hindermost 
(Fig.  98,  10)  is  escutcheon-shaped,  deflexed  at  the  sides,  thin 
in  the  middle,  and  notched  at  the  end.  When  this  tergum  is 
gently  pulled  backward,  two  other  very  narrow  terga  (Fig. 
98,  8,  9),  of  which  the  anterior  overlaps  the  posterior,  and 
which  were  hidden  between  it  and  the  antepenultimate  or 
seventh  tergum,  become  visible.  The  apparent  eighth  tergum 
is  therefore  really  the  tenth.  Beneath  the  tenth  tergum  are 
two  triangular  joodfica/ plates  (Fig.  98,  11),  one  on  each  side 
of  the  anus.  Provisionally,  I  take  them  to  be  the  sclerites  of 
the  eleventh  abdominal  somite. 

The  first  sternum  is  confluent  with  the  second,  and  largely 
hidden  by  the  coxae  of  the  metathoracic  limbs.  The  seventh 
is  greatly  enlarged,  and  its  posterior  edge  is  produced  into  a 
boat-shaped  process,  nearly  divided  into  two  portions  by  an 
inward  fold  of  the  integument  along  the  median  line. 

Completely  hidden  by  the  seventh  sternum  is  a  thin  plate, 
narrower  in  front  than  behind,  where  it  is  produced  on  each 
side.  Anteriorly,  it  is  articulated  with  the  sternum  of  the 
following  somite,  so  as  to  form  a  sort  of  spring -joint,  which 
ordinarily  keeps  it  applied  against  the  latter,  and  therefore 
directed  obliquely  upward  and  a  little  forward.  The  large 
aperture  of  the  vulva  (Fig.  98,  v)  lies  in  the  middle  of  this 
plate.  On  the  sternal  region  behind  the  vulva,  between  it 
and  the  anus,  arises  a  pair  of  elongated  processes,  divided 
into  two  portions,  of  which  the  outer  is  thick  and  soft,  the 
inner  slender,  pointed,  and  hard.  They  embrace  and  partly 
ensheath  two  other  processes,  having  somewhat  the  shape  of 
knife-blades,  the  anterior  fixed  ends  of  which  are  curved,  and, 
being  attached  to  the  sides  of  the  somite  to  which  they  be- 
long, are  distant,  while  the  blades  meet,  and  are  applied  to- 
gether in  the  middle  line.  Of  these,  which  may  be  termed 
gonapophyseSj  the  study  of  their  development  shows  that  the 
posterior  bifid  pair  belong  to  the  ninth  somite,  while  the  an- 
terior pair  belong  to  the  eighth. 

The  cerci  (x)  are  attached  to  the  dorso-lateral  part  of  the 
tenth  somite. 

In  the  abdomen  of  the  male  JBlatta  (Fig.  99)  the  ten  terga 
are  readily  discernible;  but  the  eighth  and  ninth  are  very 
short,  and  the  former  overlaps  the  latter.  The  tenth  tergum 
is  flat,  and  has  a  freely-projecting,  truncated,  posterior  mar- 
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gin.     Articulated  beneath  its  lateral  edge  are  two  multiartio- 
ulate  eerci  (x),  similar  to  those  of  the  female. 

Beneath  the  tenth  tergum,  and  hidden  by  it,  are  the  two 
podical  plates  (11)  between  which  the  anus  opens.  The  first 
sternum  is  small,  and  may  easily  escape  notice.  The  second 
to  the  sixth  sterna  are  of  nearly  equal  width  and  length.  The 
seventh  and  eighth  are  narrower;  the  ninth  still  narrower  and 
longer,  about  half  of  its  length  being  covered  by  the  eighth. 
The  covered  half  is  different  in  texture  from  the  uncovered, 
being  thinner  and  more  transparent,  and  its  anterior  margin 
is  deeply  notched.  The  uncovered  half  is  strong,  horny,  and 
dark-colored,  convex  below  and  concave  above  ;  its  free  pos- 
terior margin  is  obscurely  trilobed  by  two  lateral,  shallow 
notches.  On  each  side,  a  slender,  unjointed,  setose  style, 
which  projects  backward  and  outward,  is  attached  to  this 
sternum. 

Thus,  the  tergal  surface  of  the  abdomen  of  the  male  essen- 
tially resembles  that  of  the  female,  while  the  sternal  surface 
differs  in  exhibiting  two  sterna  more  (namely,  the  eighth  and 
ninth)  without  dissection.  Hence,  while  in  the  female  the 
opening  of  the  recto-genital  chamber  lies  between  the  tenth 
tergum  and  the  seventh  sternum,  in  thie  male  it  lies  between 
the  tenth  tergum  and  the  ninth  sternum. 

When  the  tenth  tergum  and  the  podical  plates  are  removed, 
a  very  singular  apparatus,  the  male  genital  armature,  comes 
into  view.  It  consists  of  a  number  of  chitinous  processes 
having  the  form  of  plates  and  hooks,  the  exact  form  and  dis- 
position of  which  could  be  made  intelligible  only  by  numerous 
figures.  It  may  be  stated  generally,  however,  that  these  plates 
and  hooks  terminate  processes  of  the  sternal  region  of  the 
tenth  somite,  on  each  side  of  the  aperture  of  the  vas  deferens, 
and  therefore,  though  they  are  of  the  same  nature  as  the  gona- 
pophyses  of  the  female,  they  are  not  their  exact  homologues. 

The  most  conspicuous  division  of  the  right  gonapophysis 
is  a  broad  plate  divided  at  the  extremity  into  two  portions, 
the  inner  of  which  curves  inward  and  ends  in  two  or  three 
sharp  spines,  while  the  outer  is  coiled  upon  itself  so  as  to 
resemble  a  short  corkscrew.  The  left  gonapophysis  is  pro- 
vided with  a  long  process  like  a  tenaculum,  the  incurved 
extremity  of  which  is  denticulated. 

The  alimentary  canal  of  the  Cockroach  commences  by  the 
oral  cavity,  situated  between  the  labrum  in  front,  the  mandi- 
bles and  maxillae  at  the  sides,  and  the  labium,  with  the  large 
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Fie.  96.— Lon^tndlnal  and  yertical  eectlon  of  a  female  Cockroach  (Blotto) — ^i  to  zz, 
somites  of  the  body ;  1  to  11,  somites  of  the  abdomen  ;  A^  antenna ;  lb,  labram ; 
o,  mouth ;  ft,  ossophagus :  <;,  crop ;  d.  proventriculas ;  e,  pyloric  caeca ;  /,  chylUic 
ventricle  ;  g^  iusertion  oi  the  Malpighian  caeca  ;  A,  intestine  ;  i,  rectum ;  v,  vulva; 
/,  salivary  inand  ;  k^  salivary  receptacle.  By  an  error,  the  dnct  is  made  to  termi- 
nate above  instead  of  beneath  the  lingua.  jU,  position  of  heart ;  m,  cerebral  gan- 
glia ;  if,  thoracic  ganglia ;  a;,  cerci. 

lingua^  or  hypopharynx.^  behind.  The  oesophagus,  beginning 
as  a  narrow  tube,  passes  between  the  anterior  crura  of  the 
tentorium,  and  then,  leaving  the  head  by  the  occipital  foramen 


Fza.  99.— Longitudinal  and  vertical  section  of  the  abdomen  of  a  male  Cockroach 
(B^^to).— 1,  2,  8,  4,  etc.,  terga  and  sterna  of  the  abdomen  ;  t^  mushroom-shaped 
gland  ;  t;,  aperture  of  the  vas  deferens ;  A^  anus. 

and  traversing  the  neck  and  thorax,  gradually  widens  into 
the  large  crop  or  ingluvies  (Fig.  98,  c),  which  lies  in  the  ab- 
domen. This  is  followed  by  the  small  thick-walled  proven- 
triculus  (Fig.  98,  c?),  shaped  like  a  pear,  with  its  broad  end 
applied  against  the  crop.  The  narrow  end  of  the  proventricu- 
lus  opens  into  a  wide  canal,  the  so-called  ehylifio  ventricle  or 


THE  COCKROACH.  353 

ventriciUus  (Fig.  98,  f)^  an  elongated  tube,  the  junction  of 
which  with  the  intestine  is  marked  by  the  insertion  of  the 
numerous  Malpighian  tubes.  The  anterior  end  of  the  ven- 
triculus  is  provided  with  seven  or  eight  caecal  diverticula  of  un- 
equal lengths  (Fig.  98,  e),  the  pyloric  caeca.  The  first  portion 
of  the  intestine  (ileum)  is  narrow.  The  next,  termed  the 
colony  is  very  wide,  and  somewhat  sacculated.  A  constric- 
tion marks  off  the  region  of  the  colon  from  the  straight  short 
rectum  (Fig.  98,  «),  which  terminates  in  the  anus,  situated 
at  the  hinder  extremity  of  the  body  between  the  podical 
plates.* 

The  aperture  by  which  the  mouth  communicates  with  the 
gullet  is  small,  and  situated  at  the  superior  and  anterior  part 
of  the  buccal  cavity.  A  broad  projection  of  the  posterior  and 
inferior  wall  of  the  buccal  cavity  occupies  all  the  space  between 
the  oesophageal  opening  of  that  cavity  and  the  labium,  and 
ends  in  a  free  subcylindrical  process.  This  is  termed  hypo- 
pharynx  or  linffua,  but  it  might  be  well  to  reserve  the  term 
lingua  for  the  free  end,  and  hypopharynx  for  the  attached 
posterior  portion.  The  anterior  surface  of  the  hypopharynx 
slopes  downward  and  forward;  its  sides  are  supported  by  two 
sclerites,  which  are  narrow  and  rod-like  above  and  broad  be- 
low, where  they  unite  in  an  arch  on  the  dorsal  face,  just  where 
the  free  part,  or  lingua,  begins.  On  the  under  side  of  the  lin- 
gua are  two  broader  sclerites,  which  also  unite  and  form  an 
arch,  which  lies  over  the  opening  of  the  salivary  duct.  The 
anterior  surface  of  the  lingua  and  hypopharynx  is  beset  with 
fine  hairs. 

The  two  salivary  glands,  with  their  receptacles,  are  greatly 
developed  in  the  Cockroach.*     The  glands  (Fig.  98, 1)  lie  on 

» M.  F.  Plateau  ("  Eecherches  sur  les  ph^^nomenes  de  la  digestion  chez  les 
Insectee,"  1874:  "Note  sur  les  ph^nomenes  de  la  digestion  chez  la  Blatta 
am^ricaine  [Fsriplaneta  Americana^  1876 ;  and  "  Kecherches  but  les  ph^no- 
m^nee  de  la  digestion  chez  les  Mynapodes,"  1876)  divides  the  alimentary  canal 
of  insects  and  myriapods  into  a  buccal,  a  median,  and  a  terminal  portion.  The 
buccal  portion  consists  of  tlie  oesophagiis,  crop,  and  proventriculus — which  last 
he  considers  to  be  a  mere  strainer,  and  to  have  no  masticatory  function.  The 
middle  division  lies  between  the  proventriculus  and  the  insertion  of  the  Mal- 
pighian tubes.  The  terminal  division  extends  from  the  latter  point  to  the  anus. 
With  the  solitary  exception  of  IuIim,  the  secretions  of  the  alimentary  canal  are 
always  alkaline,  and  tnat  which  effects  the  transformation  of  the  albuminoid 
elements  of  the  food  into  peptones  appears  to  be  furnished  by  the  middle  di- 
vision, which  is  lined  by  epithelium,  devoid  of  any  cuticle.  In  carnivorous  in- 
sects digestion  may  take  place  in  the  crop  by  the  flow  of  the  secretion  of  the 
middlemtestine  into  it.  The  salivary  flmd  of  Matta  rapidly  effects  the  trans- 
formation of  starch  into  sugar. 

«  The  salivary  glands  are  well  described  by  Basch,  "  Untersuchungen  liber 
die  ohylopoietische  und  uropoietische  Systemc  der  Blatta  orientalis."  ('^  Sitzb. 
Wiener  Akad.,"  1868.) 
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each  side  of  the  oesophagus  and  crop,  extending  through  the 
thorax,  as  far  as  the  commencement  of  the  abdomen.  Each 
gland  is  a  white  mass,  as  much  as  a  quarter  of  an  inch  long, 
and  composed  of  numerous  acini.  The  ducts  which  arise  from 
these  acini  unite  first  into  a  single  trunk  on  each  side,  and 
then,  beneath  the  sub-oesophageal  ganglion,  the  two  trunks 
join  to  form  the  single  short  salivary  duct  which  opens  be- 
neath the  lingua.  The  ducts  of  the  salivary  glands  are  lined 
by  a  transversely-ribbed  chitinous  membrane,  so  that  they 
greatly  resemble  tracheae. 

The  salivary  receptacles  (Fig.  98,  k)  are  elongated  oval 
sacs,  three-eighths  of  an  inch  long,  each  of  which  is  situated 
at  the  extremity  of  a  long  duct.  The  ducts  unite  in  front  with 
one  another,  and  with  the  duct  of  the  gland,  to  form  the  short 
terminal  common  duct.  The  receptacle  and  its  ducts  have  a 
chitinous  lining  similar  to  that  of  the  duct  of  the  glands,  but 
the  spiral  marking  does  not  extend  over  the  walls  of  the  re- 
ceptacle. 

The  proventriculus  has  a  thick  muscular  coat,  and  the  chi- 
tinous lining  which  is  continued  into  it  from  the  ingluvies  is 
greatly  thickened,  and  produced  into  six  hard,  brown,  ridge- 
like principal  teeth.  Posterior  to  these  is  a  circle  of  six 
prominent  cushions  covered  with  setae,  and  similar  setae  beset 
the  lining  membrane  of  the  funnel-shaped  cavity  into  which 
they  project.  Between  each  pair  of  principal  teeth  are  five 
smaller  tooth-like  ridges,  of  which  the  median  is  the  largest, 
and  a  variable  number  of  still  finer  longitudinal  elevations  lie 
between  them. 

The  proventriculus  leads  posteriorly  into  a  narrow,  thick- 
coated  canal,  the  tubular  extremity  of  which  projects  freely 
into  the  much  wider  anterior  end  of  the  chylific  ventricle,  and 
constitutes  a  very  efficient  valve. 

The  short  and  narrow  anterior  division  of  the  intestine 
(ileum)  is  separated  from  the  colon  by  a  circular  valve,  the 
surface  of  which  is  beset  with  small  spines. 

The  Malpighian  glands  are  very  numerous  (20-30),  deli- 
cate, caecal  tubules,  of  even  diameter  throughout,  and  lined 
by  a  small-celled  epithelium  inclosing  a  central  cavity. 

The  communication  between  the  colon  and  the  rectum  is 
very  narrow,  but  is  not  valvular.  The  walls  of  the  rectum 
itself  are  raised  into  six  ridges,  which  project  into  its  inte- 
rior and  are  abundantly  supplied  with  tracheae ;  these  are  the 
so-called  rectal  glands.     Anal  glands  appear  to  be  absent. 

The  histology  of  the  alimentary  canal  has  been  particu- 


THE  COCKROACH.  355 

larly  studied  by  Basch.^  From  the  oral  cavity  to  the  funnel- 
shaped  extremity  of  the  proventriculus,  it  is  lined  by  a  chiti- 
nous  coat  continuous  with  the  chitinous  layer  of  the  integu- 
ment, and  beset  for  the  greater  part  of  its  extent  with  fine 
setiform  processes.  Beneath  this  is  the  proper  endoderm, 
consisting  of  a  layer  of  cells.  Next  follows  a  structureless 
membrana  propria  or  basement  membrane  ;  and  this  is  suc- 
ceeded by  two  layers  of  striped  muscular  fibres,  the  internal 
disposed  longitudinally  and  the  external  circularly.  In  the 
proventriculus,  the  muscular  layers  become  much  thicker,  and 
some  of  those  of  the  outer  layer  acquire  a  radial  arrangement, 
while  the  longitudinal  muscles  are  disposed  in  bundles  which 
correspond  with  the  six  principal  ridges.  In  the  chylific  ven- 
tricle, the  muscular  layers  and  the  basement  membrane  are 
disposed  much  as  before.  The  basement  membrane  presents 
pits  on  its  free  surface  in  which  rounded  cells  are  lodged,  and 
is  beset  between  these  by  the  elongated  cells  of  a  cylinder 
epithelium.  The  free  ends  of  these  present  a  thick  wall, 
marked  by  vertical  striations.  There  is  no  chitinous  layer. 
The  caeca  are  merely  diverticula  of  the  wall  of  the  chylific 
ventricle. 

The  intestine,  finally,  repeats  the  structure  found  in  that 
part  of  the  alimentary  canal  which  lies  in  front  of  the  chy- 
lific ventricle  and  is  provided  with  a  setose  chitinous  lining. 

Basch  found  the  secretion  of  the  salivary  glands  and  the 
contents  of  the  crop  acid,*  and  that  an  infusion  of  the  sali- 
vary glands,  acidulated  with  hydrochloric  acid,  digested  fibrin. 
The  contents  of  the  chylific  ventricle  were  neutral  or  alka- 
line ;  and  an  infusion  of  the  chylific  ventricle  at  once  turned 
starch  into  sugar.  The  same  effect  was  produced  by  an  infu- 
sion of  the  salivary  glands. 

The  heart  (Fig.  98,  h)  is  a  slender  inconspicuous  tube, 
which  occupies  the  middle  line  of  the  dorsal  wall  of  the 
abdomen,  and  presents,  at  intervals,  pairs  of  lateral  apertures. 
The  wall  of  the  abdomen  internal  to  the  chitinous  integu- 
ment is  lined  by  a  soft  cellular  substance  {hypodermia)^  the 
outer  layer  of  which  represents  the  ectoderm  or  epidermis, 
while  the  deeper  part  is  the  parietal  layer  of  the  mesoderm. 
This  last  contains  a  stratum  of  longitudinal  muscular  fibres, 
divided  into  segments  or  myotomes^  in  correspondence  with 
the  somites,  and  numerous  tracheae.     The  heart  is  inclosed  in 

*  **  Sitzunffsberichte  der  Wiener  Akademie,"  xxxiii.,  1858. 
^  «  Plateau  denies  that  the  salivary  secretion  of  Blatta  is  ever  acid,  and  as- 
oribes  the  occasional  acidity  of  the  contents  of  the  crop  to  the  food. 
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the  abdominal  wall  which  surrounds  it  on  all  sides,  leaving 
only  a  small  pericardial  space.  ^  Beyond  the  slender  aortic 
canal  in  which  the  heart  terminates  anteriorly,  and  which 
passes  into  the  thorax  and  the  head,  no  vessels  appear  to  be 
given  off  from  the  heart. 

Delicate  triangular  sheets  of  muscular  fibre,  the  alary 
muscles^  are  attached  in  pairs  by  their  bases  to  the  wall  of 
the  pericardial  chamber,  while  their  apices  are  inserted  into 
the  hypodermis.  They  occupy  the  interspaces  left  by  the 
principal  dorsal  branches  of  the  trachesB,  which  form  arches  on 
each  side  of  the  heart. 

From  the  inner  face  of  the  abdominal  wall,  processes  are 
given  off,  some  of  which  appear  to  hang  freely  into  the  ab- 
dominal cavity,  while  others  accompany  the  numerous  tracheae 
which  pass  to  the  alimentary  canaL  When  the  abdominal 
cavity  is  laid  open,  its  inner  lining  has  a  villous  apnearance, 
and  often  seems  to  be  full  of  free  granular  matter,  a*  the  pro- 
cesses very  readily  break  up  into  fragments.  The  substance 
which  thus  fills  up  the  interspace  between  the  parietes  of  the 
abdomen  and  the  contained  organs  is  the  corpus  adiposum. 
It  is  made  up  of  cells  often  so  arranged  as  to  form  a  network, 
and  it  usually  has  a  milk-white  color,  which  arises  partly  from 
the  air  contained  in  the  tracheae,  and  partly  from  innumerable, 
strongly  refracting  granules  contained  in  its  component  cells. 

There  are  ten  stigmata  on  each  side  of  the  body  of  JBlatta^ 
eight  in  the  abdomen,  and  two  in  the  thorax.  The  latter  are 
situated  between  the  prothorax  and  mesothorax,  the  meso- 
thorax  and  the  metathorax,  respectively ;  above  the  attach- 
ment of  the  coxae  and  beneath  the  terga.  The  abdominal 
stigmata  lie  in  the  soft  integument  which  connects  the  sterna 
and  terga  of  the  somites.  All  the  stigmata  are  situated  in 
conical  thickened  elevations  of  the  integument.  The  thoracic 
stigmata  are  the  largest,  and  the  anterior  pair  have  a  distinctly 
two-lipped  aperture,  the  anterior  lip  being  notched  in  the  cen- 
tre. The  openings  of  the  abdominal  stigmata  are  more  oval, 
and  are  inclined  backward.  Immediately  within  each  stigma 
the  tracheal  trunk  into  which  it  opens  is  provided  with  a  val- 
vular arrangement,  by  which  the  passage  can  be  closed  or 
opened. 

»  ComeliuB  ("  BeitrSge  zur  n&heren  Kenntniss  von  Periplaneta  (Matta)  ori^ 
entalis,"  1853)  found  that  the  pulsations  of  the  heart  could  readily  be  ohserved 
in  BUUtoi  which  had  recently  undergone  eodysis.  They  were  as  frequent^  as 
eighty  in  the  minute ;  but  allowance  must  be  made  for  tne  disturbed  condition 
oi  the  insects  under  observation. 
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The  large  trachesB  which  take  their  origin  from  these 
fitigmata  immediately  divide  and  give  off  dorsal  and  ventral 
branches;  the  former  unite  in  a  series  of  arches. on  each 
side  of  the  heart,  while,  on  the  ventral  side,  the  branches 
are  connected  by  trunks  which  run  parallel  with  the  abdominal 
ganglia.  Large  tracheae  pass  from  the  anterior  thoracic  stigma 
through  the  neck  into  the  head,  and,  in  the  abdomen,  the  vis- 
cera receive  an  abundant  supply  of  air-tubes. 


Fio.  100.— Bkttta  arUrUatts.^C,  the  brain  with  the  antennary  (a)  and  optic  (b) 
nerves  ;  c,  «,  /,  g,  A,  etomato-gaBtric  nerves.  B^  the  anterior  end  of  the  gallet. 
A^  the  crop.   2>,  the  gizzard. 

The  lobes  of  the  corpus  adiposum  are  also  plentifully 
supplied  with  tracheae,  while  fine  trunks  enter  the  substance 
of  the  ganglia  and  nerves  and  there  ramify.  Tracheae  accom- 
pany the  nervures  of  the  wings  and  are  abundantly  distrib- 
uted to  the  muscles. 

The  nervous  system  consists  of  the  supra-oesophageal 
ganglia  (Fig.  100,  A),  commonly  termed  the  brain,  united  by 
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thick  and  short  commissures  with  an  infra-oesophageal  gan- 
glionic mass,  situated  in  the  head;  of  three  pairs  of  large 
coalesced  ganglia  in  the  thorax,  one  for  the  prothorax,  one 
for  the  mesothorax,  and  one  for  the  metathorax ;  of  six  pairs 
of  closely-united  smaller  ganglia  in  the  abdomen ;  and  of  a 
set  of  visceral  or  stomato-gastric  nerves.  The  several  pairs 
of  thoracic  and  abdominal  ganglia  are  united  by  double  com- 
missural cords.  In  the  males  the  commissures  which  unite 
the  abdominal  ganglia  are  not  straight,  but  are  bent,  as  if  it 
were  needful  to  make  allowance  for  the  possible  elongation 
of  the  abdomen.  The  supra-oesophageal  ganglia  give  off  the 
nerves  to  the  antennae  from  their  antero-lateral  angles ;  while 
their  postero-lateral  angles  are  produced  into  the  great  optic 
nerves.  Above  the  margin  of  each  antennary  nerve  there  is 
a  small  rounded  tubercle  which  is  in  immediate  relation  with 
the  silvery  patch  which  shines  through  the  fenestra  on  the 
inner  side  of  the  antennary  fossa.  Beneath  this  tubercle, 
and  on  the  inner  side  of  the  antennary  nerve,  arises  the  root 
of  the  stomato-gastric  system  of  nerves.  Each  root  passes 
forward  for  a  short  distance,  then  turns  inward,  and  in  the 
middle  line  enters  a  heart-shaped  ganglion  situated  on  the 
gullet  (Fig.  100,  c).  From  this  a  median  cord  passes  back- 
ward  beneath  the  brain  and  enters  a  ganglion,  which  is  con- 
nected  on  each  side  with  two  others  («,  e).  The  continuation 
of  the  median  cord  passes  back  along  the  tergal  wall  of  the 
oesophagus,  and  where  this  begins  to  dilate  into  the  crop 
ends  in  a  small  triangular  ganglion  (^),  whence  lateral 
branches  are  given  off,  which  can  be  traced  as  far  as  the 
gizzard. 

The  exact  form  and  arrangement  of  the  male  organ  of 
generation  has  only  recently  been  made  out.  The  most  con- 
spicuous of  these  organs  is  a  mushroom-shaped  gland  (Fig. 
99,  t)  composed  of  a  great  number  of  short  caeca  attached  to 
the  extremity  of  the  also  very  short  vas  deferens.  It  is 
lodged  in  the  hinder  end  of  the  abdomen,  and  covers  the 
posterior  abdominal  ganglion.  The  contents  of  the  caeca  are 
viscid,  granular,  and  usually  brilliantly  white.  The  anterior 
end  of  the  vas  deferens  is  dilated,  and  the  cflBca  are  arranged 
in  two  groups  which  open  into  each  side  of  the  dilatation. 
The  contents  of  the  vas  deferens  are  also  white  and  viscid, 
and  evidently  consist  in  great  measure  of  the  secretion  of 
the  caeca.  In  the  adult  male,  however,  innumerable  sperma- 
tozoa with  straight  rod-like  heads,  and  long  flagella,  are  to  be 
found  intermingled  with  the  contents  of  the  vas  deferens  and 
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its  dilatation.  On  the  sternal  side  of  the  mushroom-shaped 
gland,  between  it  and  the  last  abdominal  ganglion,  there  is 
an  accessory  gland  composed  of  dicliotomous  monilated  tubes, 
lined  by  a  columnar  epithelium,  all  bound  together  by  a  com- 
mon investment  into  a  flattened  elongated  mass. 

As  the  duct  of  the  mushroom-shaped  gland  in  the  adult 
male  always  contains  spermatozoa,  and  no  other  organ  con- 
taining spermatozoa  is  to  be  found,  this  gland  has  naturally 
been  taken  for  the  testis.  Rajewsky,^  however,  has  recently 
pointed  out  that  the  true  testes  are  situated  in  the  tergal 
region  of  the  abdomen,  and  that  they  may  be  found  in  this 
region  in  the  young  and  yet  wingless  males,  though  they  are 
much  obscured  by  the  corpus  adiposum  which  invests  them. 
He  traces  the  efferent  duct  of  the  testis  to  the  glands  just 
mentioned.  In  the  adult  male  the  testes  atrophy,  and  are 
hardly  to  be  discovered  among  the  masses  of  the  corpus  adi- 
posum. I  have  found  the  testes  in  the  young  males  in  the 
position  assigned  to  them  by  Rajewsky.  They  consist  of 
numerous  oval  or  pyriform  sacs  attached  by  short  pedicles  to 
a  common  duct. 

The  ovaries  (Fig.  101)  are  two  groups  of  eight  tubes,  sit- 
uated on  each  side  of  the  hinder  half  of  the  abdomen.  The 
ovarian  tubes,  or  ovarioles^  of  each  group  communicate  with 
a  short  oviduct,  which  soon  unites  with  its  fellow  in  the  mid- 
dle line  and  opens  externally  by  the  very  short  and  wide 
vagina.  The  finely  tapering  anterior  ends  of  the  ovarioles 
of  each  side  are  continued  forward  by  delicate  cellular  pro- 
longations. These  finally  unite  together  into  one  long  fila- 
ment, which  can  be  traced  for  some  distance  forward  among 
the  lobes  of  the  corpus  adiposum.  It  is  a  cellular  cord,  which 
appears  to  be  nothing  but  a  process  of  the  mesoderm.  Nu- 
merous nucleated  cells,  from  some  of  which  the  ova  take  their 
origin,  while  others  remain  as  interstitial  cells,  which  are 
eventually  converted  into  an  epithelium,  make  up  the  sub- 
stance of  the  slender  anterior  terminations  of  the  ovarioles. 
The  ova  situated  behind  these  enlarge,  and  become  disposed 
in  a  single  series.  Further  on,  the  epithelial  cells  form  a  thick 
stratum  round  each  eg^^  and  possibly  assist  in  the  formation 
of  the  large  vitellus  with  which  it  is  ultimately  provided.  As 
the  Qgg  advances  toward  maturity,  the  vitellus  acquires  first 
a  finely  and  then  a  coarsely  granular  structure,  and  the  ger- 
minal vesicle  and  spot,  previously  conspicuous,  are  no  longer 

» Hofmann  and  Schwalbe,  "  Jahresberioht,"  1875.    The  oiiginal  paper  ia 
in  Bussiau,  and  I  have  not  seen  it. 
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to  be  seen.  Behind  the  junction  of  the  oviducts  with  the 
vagina  and  the  last  abdominal  ganglion  which  lies  upon  the 
latter,  there  Isasmall  sac  witbalong  neck  from  which  a  short 


Pis.  iOl.—SlatIa  ortmfaJfc.— FemBle  eenltaP  organa:  o,  the  posterior  aMorolnal 
ganglion  ;  b.  tbe  ovlducU:  c.  d.  e,  [be  OTarlan  lubee  ;  /,  tlie  fllameDt  by  whldi 
their  eitnmltlee  are  nnit«d  ;  t,  tbe  Bpermalheca ;  It.  the  colletarlsl  glande. 

osecal  process  is  given  off.  It  has  a  thick  chitinous  lining  and 
a  muscular  investment,  and  is  the  spermatkeca.  Behind  it 
are  two  larpe,  ramified,  tubular  colleterial  glands,  which  prob- 
ably give  rise  to  the  substance  of  which  the  egg-case  is 
formed.  Their  conjoined  ducts  open  behind  the  spermatheca. 
The  eggs  are  inclosed,  sixteen  together,  in  strong  capsules 
of  a  horny  consistency,  shaped  somewhat  like  a  cigar-case, 
and  presenting  a  longitudinal  slit,  the  raised  and  serrated  edges 
of  which  are  closely  applied  to  one  another.  It  ia  through 
this  slit  that  the  fully-developed  young  make  their  exit.  The 
eggs  attain  one-sisth  of  an  inch  in  length.  Each  has  its  own 
thin  but  tough  brownish  shell,  the  surface  of  which  is  beauti- 
fully ornamented  with  hexagonal  patches  of  minute  tubercles. 
They  are  arranged  parallel  with  one  another  in  two  opposite 
series,  one  series  occupying  each  half  of  the  case.  The  eggs, 
adapting  themselves  to  the  form  of  the  case,  are  convex  out- 
ward and  concave  inward,  and  thus,  though  their  ends  touch, 
a  median  space  is  left  between  the  two  sets.  The  inner  con- 
cave face  of  the  egg  is  that  on  which  the  sternal  face  of  the 
embryo  Is  situated.     The  female  oarries  the  egg-case  about 
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for  a  week  or  more,  before  depositing  it.  The  young  leave 
the  eggs  as  minute  active  insects,  colorless,  except  for  the 
large  dark  eyes.  Before  they  are  hatched  they  acquire  eyes, 
antennae,  gnathites,  legs,  and  short  cerci,  which  differ  only  in 
detail  from  those  of  the  perfect  Slatta^  into  which  the  larva 
passes  by  successive  ecdyses.  According  to  Cornelius  (/.  c, 
p.  29),  the  Cockroach  undergoes  seven  ecdyses  :  the  first  im- 
mediately on  leaving  the  Qg^.  the  second  a  month  later. 
After  the  second  ecdysis  the  insect  sheds  its  skin  only  once 
a  year  ;  so  that  it  attains  its  adult  condition  only  in  its  fifth 
summer.  The  chitinous  cuticula  splits  along  the  median  line 
of  the  tergal  aspect  of  the  head,  thorax,  and  abdomen,  before 
it  is  cast. 

Thus  the  Cockroach  is  said  to  be  an  insect  without  meta- 
morphosis. For  although  the  male,  in  the  later  stages  of  its 
growth,  acquires  wing^,  and  thus  does  become  very  sensibly 
metamorphosed  from  a  merely  cursorial  animal  to  one  which 
has,  at  any  rate,  the  capacity  for  flight,  there  is  no  period  in 
the  life  of  this  insect  in  which  the  larva  passes  into  a  resting 
condition,  during  which  it  takes  no  food,  and  in  the  course  of 
which  it  develops  its  wings.  In  other  words,  the  Cockroach 
passes  through  no  jowjoa-state,  which  the  insect  enters  as  a 
larva,  and  leaves  as  an  imago,  such  as  is  so  well  known  to 
occur  in  the  course  of  the  development  of  Moths  and  Butter- 
flies. The  term  metamorphosis^  in  its  technical  entomologi- 
cal sense,  is  applied  only  to  that  succession  of  changes  of 
which  such  a  definite  pupal  condition  forms  the  middle  term. 

It  is  obvious  that  a  metamorphosis,  in  this  sense,  is  a  sec- 
ondary complication  superinduced  upon  the  direct  and  grad- 
ual process  of  development  exhibited  by  such  insects  as  the 
Cockroach;*  and  that  the  Metdbola^  as  insects  having  a 
metamorphosis  are  termed,  are,  so  far,  more  differentiated 
than  the  Ametabola,  or  those  which  have  no  metamorphosis. 
Again,  in  each  of  these  divisions  it  is  clear  that  the  insects 
which  never  possess  wings  are  less  differentiated,  or  more 
embryonic,  than  those  which  are  winged.  And,  finally,  insects 
with  the  parts  of  the  mouth  in  the  condition  of  ordinary 
gnathites  are  less  differentiated  than    those  in  which   such 

»  Sir  John  Lubbock  has  shown  that  the  young  Chloeon  {Epliemera)  dimidi- 
aliwm.  undergoes  more  than  twenty  ecdyses,  each  accompanied  by  a  slight 
chanpre  of  form  in  its  passage  to  the  adult  state.  ("  Transactions  of  the  Lin- 
Dsean  Society,"  1863.) 

16 
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gnathites  are  changed  in  form  and  function,  or  become  con- 
fluent. 

The  insects  which,  in  this  view  of  their  morphological  re- 


Fia.  102.^Campodea  staphylinuSf  one  of  the  Thymnura  (after  Lubbock).' 

lations,  occupy  the  lowest  position  in  the  group,  are  the  CoU 
lembola  and  Thysanura^  the  Mallophaga^  and  the  Pedicu- 
lina^  inasmuch  as  they  possess  no  trace  of  wings  and  undergo 
no  metamorphosis. 

The  CoUemhola  and  Thysanura  undergo  no  metamorpho- 
sis, and  are  always  wingless.  The  abdomen  contains  six  seg- 
ments only  in  the  CoUemhola  {Podura^  Smynthiirus^  Tomo- 
ceros),  in  which  group  the  mouth  is  usually  provided  with 
mandibles  and  maxillae,  though  these,  instead  of  being  artic- 
ulated with  the  sides  of  the  head,  are  capable  of  being  re- 
tracted into  its  interior.*  In  the  genus  Anoma  the  mouth  is 
suctorial. 

^  **  Monoffraph  on  the  OoUembola  and  Thymnura,'*^  pL  liii. 
a/«d.,p:87. 
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The  Thyaanura  {Lepisma^  Campodea^  Japyx)  resemble 
the  young  jBlattce.  They  have  ten  well-marked  abdominal  so- 
mites {Campodea^  Fig.  102),  and  the  gnathites  conform  to 
the  mandibulate  type.  The  abdomen  in  Machetes  has  a  pair 
of  elongated  cylindrical  appendages  attached  to  every  seg- 
ment except  the  first ;  while  Campodea  and  Japyx  have  seven 
pairs  of  such  abdominal  appendages.^ 

The  CoUembola  are  provided  with  a  curious  tube  or  sucker, 
which  is  attached  to  the  sternum  of  the  first  abdominal  so- 
mite, and  gives  exit  to  a  glandular  process,  which  secretes  a 
viscid  matter.  Most  of  the  insects  belonging  to  this  group 
possess  a  curiously-contrived  "  spring  and  catch  "  attached  to 
the  sternal  region  of  the  penultimate  or  antepenultimate  so- 
mites of  the  abdomen,  by  the  help  of  which  they  execute  their 
vigorous  leaps. 

Sir  John  Lubbock  could  find  no  trace  of  tracheae  in  any  of 
the  CoUembola  except  Smynthurua^  though  they  are  easily 
seen  in  many  of  the  Thyaanura,  According  to  the  same  au- 
thority, Lepisma  has  four  Malpighian  tubes,  while  Gampo^ 
dea^  JapyXy  and  many  CoUembola^  have  none. 

The  Mallophaga  are  parasites  upon  mammals  and  birds, 
on  the  hairs  and  feathers  of  which  they  feed.  The  head  and 
body  are  depressed,  the  eyes  simple,  the  gnathites  of  the  mas- 
ticatory type.    The  abdomen  has  nine  or  ten  visible  segments. 

The  PedicuUna^  or  Lice,  subsist  upon  the  blood  of  the 
mammals  on  which  they  are  parasites.  The  gnathites  are 
converted  into  a  piercing  and  sucking  apparatus.  The  under- 
side of  the  head  presents  a  soft  protrusible  proboscis,  pro- 
vided externally  with  minute  horny  hooks,  and  traversed  by 
a  canal  which  leads  into  the  oesophagus.  The  proboscis  in- 
closes two  grooved  chitinous  styles,  which  are  applied  to- 
gether by  their  concave  sides ;  and,  within  the  sheath  thus 
formed,  lie  two  finely-pointed  chitinous  setae,  which  can  be 
moved  up  and  down  in  the  sheath.' 

The  proboscis  is,  in  all  probability,  formed  by  the  union 
of  the  labrum  with  the  second  pair  of  maxillae,  while  the  two 
halves  of  the  horny  sheath  are  the  mandibles,  and  the  setae, 
the  first  maxillae.      The  prothorax,  mesothorax,  and  meta- 

1  The  myriapod  Soolopendrilla  has  similar  appendages  attached  to  each 
segment  along  with  legs.    (Lubbock,  I.  c) 

*  Gerstfeldt,  *'  Ueber  die  Mundtheile  der  saugenden  Insecten,"  1858. 
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thorax  are  hardly  distinguishable,  and  the  abdomen  ha«  nine 
visible  segments. 


The  Orthoptera  (Fig.  103)  and  the  HemipUra  (Fig.  104) 
are  ametabolous.  The  majoritj  have  two  pairs  of  similar  or 
more  or  less  dissimilar  winga  in  the  adult  state,  and  in  the 
apterous  forms  it  is  probable  that  the  wings  are  aborted,  not 
typically  absent.  In  the  Orthoptera'  (the  Termites,  (Cock- 
roaches, Grasshoppers,  Criclcets,  Day-dies,  Dragon-flies,  and 


Pis.  Ki.—AlMtp^orgwU.   Apteroiu  sgsmogsiietlc  form. 

Earwigs)  the  mouth  is  constructed  upon  the  same  plan  as 
that  of  BlaUa ;  but  the  PAysopoda or  Thyaanopiera  (Thripa 

1  The  Tkytanura  and  the  Phytapoda  nre  oft«n  united  with  the  Orikopttra 
In  modera  tdassiflcatiooa,  while  the  Epkimmida  tai  LSMuUda  uaed  to  be 
arranged  with  the  NturopUra. 
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and  its  allies),  small  winged  insects  which  lire  chiefly  in  flow- 
ers, present  a  modlflcation  whicb  U  transitional  to  the  Hemip- 
teran  mouth  (Gerstfeldt,  I.  c.y  There  is  a  proboscis  directed 
backward  and  formed  by  the  union  of  the  labrum  with  the 
labium,  which  laat  is  provided  with  palps,  though  they  are 
sometimes  very  small.  The  maxillfo  are  palpigerous,  and  are 
united  at  their  bases  with  the  labium.  The  mandibles  are 
styliform  setEB  inclosed  in  the  proboscis. 

In  the  Betniptera,'  all  of  which  suck  the  blood  of  animals 
or  the  juices  of  plants  (Bugs,  Plant-iice,  Cicadee),  wings 
may  be  present  or  absent,  and  the  eyes  are  usually  compound. 
The  visible  abdominal  somites  may  be  reduced  to  six.  The 
gnathites  are  modified  to  form  a  piercing  and  suctorial  appa- 
ratus, which  is  similar,  in  many  respects,  to  that  of  the  Pedi- 
culina.  There  is  a  usually  sharp  and  pointed  labrum,  while 
the  mandibles  and  maxilhe  are  mere  tubercles,  surmounted 
by  long  chitinouB  pointed  styles,  of  which,  therefore,  there  are 
four.  The  labium  is  usually  represented  by  a  median,  jointed, 
fleshy,  elongated  body,  the  anterior  face  of  which  presents  a 
longitudinal  groove  in  which  the  mandibles  and  masilhe  are 
inclosed.  Neither  the  maxillae  nor  the  labium  are  provided 
with  palps. 

Thus,  in  the  series  of  ametabolous  insects  there  are  some 
with  masticatory,  others  with  suctorial,  mouths.    It  is  by  no 


Fia.  lOS.— fijirfnjjifttfw  pdwM.— A.  larr*.   B.  Pnpa.  0.  Imago.  ("  Mgne  AnluuO.") 

means  clear  that  the  gnathites  of  the  suctorial  mouth  of  the 
Semiptera  are  to  be  regarded  as  modifications  of  masticatory 

e  united  with  ttie  Htmipttra  by 


366         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

gnathites  of  the  type  exhibited  by  the  Orthoptera,  The 
absence  of  palps  is  a  very  significant  fact,  suggesting  that 
the  Hemipteran  mouth  is  the  extreme  term  of  a  series  of 
modifications  for  the  commencement  of  which  we  must  go 
back  to  the  Myriapoda, 

The  metabolous  Coleoptera^  or  Beetles  (Fig.  105),  have 
masticatory  mouths  of  the  same  general  type  as  those  of  the^ 
Orthoptera ;  with  which  they  are  closely  connected  through 
the  Earwigs.  The  two  constituents  of  the  labium  are,  how- 
ever, much  more  completely  confluent  than  in  the  Orthoptera, 
There  are  usually  two  pairs  of  wings,  the  anterior  pair  being 
converted  into  stiff  horny  elytra  ;  these  take  no  part  in  the 
act  of  flight,  but  serve  as  covers  to  the  metathoracic  wings, 
which,  in  the  state  of  rest,  are  folded  up  beneath  them.  The 
number  of  apparent  somites  of  the  abdomen  is  often  much 
reduced.  In  the  metabolous  Neuroptera  (Ant-lions,  Caddis- 
flies,  Scorpion-flies),  in  some  of  which  the  insect  is  more  or 
less  active  during  the  pupa-state,  the  parts  of  the  mouth  are, 
for  the  most  part,  very  similar  to .  those  of  the  Orthoptera, 
In  two  groups  of  Neuroptera^  however,  the  mouth  becomes 
suctorial.  Thus,  in  the  TVichoptera^  or  Caddis-flies,  the  labrum 
is  elongated  and  grooved  posteriorly;  the  mandibles  are 
aborted,  the  bases  of  all  the  gnathites  are  united,  and  the 
labrum  is  a  spoon-shaped  body.  In  the  Scorpion-flies  (Pa- 
norptna)  there  is,  according  to  Gerstfeldt,  a  proboscis  formed 
in  front  by  the  elongated  clypeus  and  labrum,  and  behind  by 
the  coalesced  maxillse.  The  mandibles  are  small,  and  the 
first  maxillae  much  elongated.  The  ordinary  four  palps  are 
present. 

The  Neuroptera  have  two  pairs  of  wings  of  a  delicate 
reticulated  structure.  The  metathoracic  wings  may  or  may 
not  be  folded. 

What  appears  to  be  a  further  development  of  this  type 
of  mouth  is  found  in  the  Lepidoptera  (Butterflies  and  Motns). 
The  labrum  and  the  mandibles  abort,  and  the  labium  is  rep- 
resented only  by  a  triangular  plate  which  bears  two  large 
palps.  On  the  other  hand,  the  maxillse,  the  palps  of  which 
are  always  very  small,  are  often  immensely  elongated  and 
applied  together  by  their  channeled  inner  faces,  thus  consti- 
tuting a  sucking  proboscis  (Figs.  106, 107).  The  wings,  simi- 
lar in  character,  and  covered  with  minute  scales,  are  rarely 
absent.     Both  pairs  are  used  in  flight. 

In  the  metabolous  Diptera  (Flies  and  Fleas,  Fig.  108) 
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the  mouth  is  cooEtructed  upon  the  same  plan  as  that  of  the 
Semiptera,  so  far  as  the  conversion  of  the  labium  into  an 
organ  of  suction  is  conceroed;  but  usually  the  metamorpho- 
sis of  the  gnathites  is  carried  atill  further,  and  the  maxiihe 
have  palps.  Thus,  in  the  Fleaa,  ^hich  are  parasitic  on  mam- 
mals and  birds,  what  appears  to  be  the  labrum  is  an  elon- 
gated, slender  style,  which  lies  between  the  two  elongated 
mandibles.  The  first  maxillae  are  broad  triangular  plates, 
each  with  a  four-jointed  palp.  The  second  maxillee  (labium) 
are  represented  by  a  short  median  lamella,  which  bounds  the 


Vis.  lOR.— The  head,  A,  and  pirM  of  the  ... 

na:  ft.eplcrsninni;  a,  comeK;  d,  cly^euB  posterior;  t.  labram;/,  mandiWe;  ff, 

maiidlblei and lahrnm.    C,  iBt'eral  view  of  ihe  same,    (AflerNewport.) 
Pia.  107.— ran/«a  ofofcin/a.—InDer  or  concavu  Bnrface  of  the  apical  norllon  of  tho 
rigbt  maittla :  a,  iraneTene  mascleB :  »,  canal ;  c,  papille ;  d,  hooks  which  Join 
the  maiille. 

mouth  behind,  and  is  provided  with  two  lon^  pali^s,  which 
resemble  knife-blades,  and  are  imperfectly  divided  into  four 
joints.  The  three  somites  of  the  thorax  are  distinct,  and  the 
two  hinder  ones  have  lamellar  appendages,  which  possibly 
represent  wings.     The  abdomen  has  ten  somites.' 

In  those  dipterous  insects  which  are  termed  Pitpipara, 
which  are  apterous,  or  nearly  so,  and  parasitic  upon  mam- 
'  Ste  I..  Landois,  "  Anatomie  dae  Hundeflohes,"  1868. 
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mala,  birds,  and  bees,  a  circular  wall,  or  short  proboscis,  in- 
vests the  other  parts  of  the  mouth.  There  are,  first,  two 
lateral,  protrusible,  homy  plates ;  secondly,  an  anterior  and  a 
posterior  seta ;  the  latter  stroDger,  and  grooved  longitudinally 
in  front.  Between  these  is  a  single  iiue  seta,  Gerstfeldt 
considers  that  the  last  answers  to  the  hypopbarynx  j  the 
second  pair,  to  the  labrum  and  the  second  maxillfe ;  the  Brst 
pair,  to  the  first  maxillas  ;  and  that  there  are  no  mandibles. 


ftB.  108.— i^irpAw  r/SMtf.— A.  Larrs.    B.  Papa.    C.  Imago.    ("  RSjiib  Animil.") 

The  ordinaiT  IHptera,  which  possess  one  pair  of  functional 
vings  attached  to  the  mesothorax,  resemble  the  Semiptera 


.—Erittalii  Jloretis.—a. 
palpuB;  J.  lablnm;  i'. 
"i.  iaaet  earfacB  of  I 


front  of  the  head:  e 
\e  psHi^ioiBiB ;  ••■ 


in  possessing  a  usually  fleshy  proboscis,  often  tumid  at  its 
extremity,  which  is  formed  by  the  oonQuent  second  maxiUse. 
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As  in  Semiptera,  ulso,  the  labrum  is  a  more  or  less  elongated 
pointed  plate,  and  tbe  mandibles  and  maxillse  are  usually  ter- 
minated by  chitiuous  cutting  aetas,  (Fig.  109).  But  the  bases 
of  these  parts  are  constantly  united  together ;  there  is  a  pair 
of  masillary  palpi,  and  often  a  naedian,  more  or  less  atylifonn 
structure,  usually  considered  to  be  the  hypopharyns.  It 
seems  doubtful,  however,  whether  this  may  not  be  formed  by 
the  coalesced  terminations  of  the  maxiUfe.  In  the  common 
House-fly,  the  labrum,  mandibles,  and  masillie  coalesce  at 


Fis.  110.— Upper  flgnie.  BecHoD  of  the  hsad  of  itonfrw.  b.  ocellna :  e,  ulaDna  J  d, 
i:]«peDS ;  e,  iBbmm  :  /,  mandible ;  g.  eplpbaryni ;  ft.  maiilla ;  t,  cardo ;  J.K.I. 
swaaenlam  anil  nienCain :  m,  m'.  labial  pa1pu» ;  «,  para:1aa«a ;  o,  llaena  or 
median  pmcesa  of  Ibe  Ilgala;  u.  occipital  rorameu;  1.  3,  aclerlMB  of  the  hjpo- 
pharyoi. 

Left  lover  egBTr.    Terminal  portion  of  a  maillla. 

Mlddla  lower  Ogare.  Eplpharum  and  hypnpbarnji  masT-lfle'l :  1,  *,  sclcrltea  of 
tbe  bTpopbarvni:  3,  cut  end  of  Die  (BPopbaena;  4,  S,  aclerltes  In  the  wall  nl  the 
(Baophaena  and  sldea  of  the  month;  6.  llp-llke  projection  of  the  bjpcipbaryni; 

ol  the  lanceaof  tWrtW;  i,  diict  nf'the  polBonSand  ;  r.  erooved  median  piece 
In  which  tbe  lanceaplayj  A,  one  of  the  lateral  petoaepalplronn  ebeatli-pleceai  (I, 

their  origins  to  constitute  the  base  of  the  proboscis,  which  is 
mainly  formed  by  the  confluent  second  maxille.     Its  longita- 


j 
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dinal  grooved  anterior  face  is  overhung  by  the  elongated  sty- 
liform  labrum.  The  gnathites  here  exhibit  almost  the  extreme 
modification  of  the  piercing  and  sucking  type  of  mouth. 

Finally,  the  metabolous  Mymenoptera^  with,  usuall}',  two 
pairs  of  reticulated  scaleless  wings,  present  a  series  of  modifi- 
cations from  the  essentially  masticatory  mouth  of  the  Ants  to 
the  partly  masticatory  and  partly  suctorial,  or  rather  lapping, 
mouth,  such  as  is  met  with  in  the  Bees.  In  the  latter  (Fig. 
110)  the  labrum  is  small ;  beneath  it,  a  median  fleshy  lobe — 
the  epipharynx — overhangs  the  minute  aperture  of  the  mouth. 
The  mandibles  are  strong,  with  wide,  almost  spoon-shaped, 
extremities.  The  part  of  the  maxilla  which  appears  to  an- 
swer to  the  lacinia  in  £latta  is  shaped  like  a  knife-blade, 
and  folds  upon  the  stout  stipes  like  a  clasp-knife  in  its 
handle.  The  short  and  almost  rudimentary  palp  is  attached 
to  the  extremity  of  the  stipes.  The  cardines  are  long  and 
slender,  and  give  rise  to  a  hinge-joint,  whereby  the  maxillse 
and  labium  can  be  folded  back,  like  a  carriage-step,  under  the 
head.  The  mentum  is  large,  the  labial  palps  long  and  slen- 
der ;  there  are  two  large  paraglossse,  and,  between  them,  a 
median,  annulated,  setose,  cylindrical  organ  proceeds,  which 
either  represents  the  lingua,  or  is  an  independent  prolonga- 
tion of  the  ligula.  Functionally,  this  organ  is  a  tongue,  and 
enables  the  bee  to  lap  up  the  honey  on  which  it  feeds.  The 
mandibles  and  maxillae  are  employed  as  cutting  and  model- 
ing implements,  but  appear  to  have  little  or  nothing  to  do 
with  mastication,  properly  so  called. 

The  gnathites  and  the  mouth  are  abortive  in  some  insects, 
as  the  Day-flies,  which  take  no  food  in  the  adult  condition. 
The  development  of  the  different  divisions  of  the  alimentary 
canal  varies  greatly.  Salivary  glands  are  very  generally 
present.  In  many  suctorial  insects,  the  ingluvies  is  a  sac 
opening  by  a  long  duct  into  the  gullet ;  a  distinct  proven- 
triculus,  provided  with  chitinous  ridges,  may  be  present  or 
absent.  The  ventriculus  appears  to  be  always  devoid  of  an 
inner  cuticula.  It  may  be  devoid  of  caeca  or  beset  with  short 
caeca  throughout  its  whole  extent.  The  number  of  the  Mal- 
pighian  tubes,  which  are  sometimes  branched,  varies  from  two 
to  a  multitude.  In  many  cases  they  have  been  found  to  con- 
tain uric  acid ;  but  no  biliary  matter  has  yet  been  proved  to 
exist  in  them.  Anal  glands  are  frequently  appended  to  the 
termination  of  the  rectum,  and  may  secrete  an  acrid  or  stink- 
ing fluid. 
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In  some  larvae  {MyrmecoleOy  Dytiscna)  there  is  no  proper 
median  oral  aperture,  but  canals  which  open  on  the  extremi- 
ties of  the  mandibles  lead  into  the  oesophagus.  The  alimen- 
tary canal  has  no  posterior  opening  in  the  larvae  of*  many 
Hymenoptera^  of  Myrmecoleo^  and  of  the  Pupipara.  The 
salivary  glands  secrete  the  silken  material  in  which  the  larvae 
of  the  Lepidoptera  invest  themselves  ;  while,  in  Myrmecoleo 
and  the  JSemerohidce^  it  is  the  rectum  which  furnishes  the  silk. 

The  poison  of  the  Mymenoptera  is  a  fluid  strongly  im- 
pregnated with  formic  acid,  which  is  secreted  by  a  special 
gland  and  poured  into  a  reservoir  connected  with  the  sting. 

In  many  winged  insects  both  pairs  of  wings  are  developed 
and  take  equal  shares  in  flight  {Hymenoptera^  Lepidoptera^ 
Neuroptera),  In  the  Coleoptera,  the  anterior  pair  are  con- 
verted into  homy  wing-covers  {elytra) ^  and  the  posterior  pair, 
much  larger  than  the  anterior  and  folded  up  under  them  when 
the  insect  is  at  rest,  subserve  flight.  In  the  Dlptera  the  pos- 
terior wings  are  represented  only  by  short  processes,  the  hal- 
teres.  In  the  Strepsiptera,  on  the  other  hand,  it  is  the  ante- 
rior pair  of  wings  which  abort.  In  all  orders  of  winged  in- 
sects, individual  cases  of  complete  abortion  of  the  wings  oc- 
cur either  in  the  female  alone,  or  in  both  sexes. 

The  posterior  abdominal  somites  often  undergo  extensive 
modifications  ;  they  may  be  small  and  retracted  within  the 
anterior  somites,  or  they  may  even  become  more  or  less  com- 
pletely abortive.  In  many  insects,  processes  of  the  somites 
in  the  genital  region  of  the  females,  which  answer  to  the  go- 
napophyses  of  Blatta,  are  converted  into  organs  which  assist 
in  the  deposition  of  the  eggs,  and  are  termed  ovipositors. 
The  saws  of  the  Saw-flies  and  the  stings  of  other  Hymenop- 
tera  are  to  be  regarded  as  specially  modified  ovipositors.  The 
laborious  and  thoughtful  investigations  of  Lacaze-Duthiers  * 
led  him  to  the  conclusion  that  all  these  organs  are  constructed 
upon  the  same  plan ;  that  they  are  developed  from  that  so- 
mite of  the  abdomen  which  lies  immediately  behind  the  open- 
ing of  the  vulva ;  that  this  opening  is  always  situated  be- 
tween the  eighth  and  the  ninth  somite;  and  is  therefore 
separated  by  three  somites  (the  ninth,  tenth,  and  eleventh) 
from  the  anus. 

According  to  Lacaze-Duthiers,  in  those  insects  which  are 
provided  with  an  ovipositor,  saw,  or  sting,  the  ninth  somite 

»  "  Becherohes  siir  I'armure  ff6iiitale  femelle  des  Inseotes.'*  ("  Annales  des 
Soienoes  Naturelles,"  1849-1868.) 
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always  consists  of  a  single  median  tergal  sclerite,  to  the  in- 
ferior angles  of  which  are  connected  two  small  more  or  less 
triangular  pieces,  each  of  which  carries  a  long  styliform  ap- 
pendage. There  is  a  single  median  sclerite,  which  is  the  most 
important  part  of  the  boring  apparatus  ;  two  small  sclerites 
are  united  with  the  lateral  angles  of  this  piece,  and  there  are 
two  other  elongated  sclerites  which  constitute  a  valvular 
sheath.  Thus,  according  to  Lacaze-Duthiers's  view,  in  the 
sting  of  JBombus  (Fig.  94)  A  is  one  of  the  elongated  lateral 
sternal  sclerites,  which  with  its  fellow  forms  a  sheath  for  the 
rest  of  the  apparatus  ;  f  is  the  median  sternal  sclerite  ;  it  is 
pointed  and  grooved  on  its  sternal  surface  ;  while  c,  one  of 
the  lances,  is  a  process  of  the  tergal  half  of  the  somite.  Each 
lance  is  sharp  and  slender,  and  its  tergal  edge  fits  upon  the 
margin  of  the  groove  of  the  median  style,  in  such  a  manner 
as  to  be  able  to.  slide  backward  and  forward  upon  it.  The 
sternal  edges  of  the  two  lances  meet  in  the  middle  line,  and, 
together  with  the  median  sternal  piece,  inclose  a  canal  which 
serves  to  convey  the  secretion  of  the  poison-gland  into  the 
wound  made  by  the  sting.  In  the  operation  of  stinging,  the 
median  piece  serves  as  a  sort  of  "  director  "  for  the  two  lances. 
However,  recent  investigations  into  the  development  of 
stings  and  ovipositors,'  e.  g.,  the  sting  of  the  Hive-bee,  and 
of  the  Wasp  and  the  ovipositor  of  an  Ichneumon-fly  (  Cryptu^ 
migrator)^  show  that  while  the  median  grooved  piece  and  the 
two  sheath-pieces  arise  from  papillae  developed  upon  the 
sternal  surface  of  the  ninth  abdominal  somite  of  the  larva, 
the  lances  are  the  result  of  the  metamorphosis  of  papillse 
seated  on  the  sternal  surface  of  the  eighth  somite  ;  and  these 
papillae  are  so  similar  to  those  from  which  the  limbs  are  de- 
veloped, that  it  becomes  (to  say  the  least)  probable  that  they 
represent  true  appendages  of  the  somites  to  which  they  are 
attached,  rather  than  mere  modifications  of  the  sclerites  of 
the  body-wall,  as  Lacaze-Duthiers  supposed  them  to  be.  In 
like  manner,  the  examination  of  the  development  of  the  ovi- 
positcfr  of  Locusta  viridissima  has  proved  that,  of  the  three 
pieces  of  which  each  half  of  it  is  composed,  tw^o  are  developed 
from  the  sternum  of  the  ninth  and  one  from  that  of  the  eighth 
somite.     But  the  two  median  pieces  of  the  ninth  somite  do 

1  Kraepelin,  "  TTntersuclmngen  liber  den  Bau,  MechanisrauB  mid  Entwioke- 
lunfTSgeschichte  des  Staohels  der  bienenartigen  Thiers  "  {Zeitschrift  fur  wiss. 
Zoologie^  1873) ;  and  Dewitz,  "  (Jeber  Bau  und  Entwickelung  des  Stachels  und 
der  Legescheide '*  (ZeUschriftfiir  wise.  Zoologie^  1875).  See  also  the  observa- 
tions of  Packard,  "  On  the  Development  and  Position  of  the  Hymenoptera," 
1866. 
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not  unite  together  to  form  a  single  piece  grooved  below,  as 
in  the  hymenopterous  sting  or  ovipositor.  And  observations 
which  I  have  made  on  the  development  of  the  gonapophyses 
of  JBlatta  lead  me  to  the  conclusion  that  the  posterior  bifid 
pair  are  developed  from  the  ninth  and  the  anterior  curved 
pair  from  the  eighth  somite.  In  this  case  the  latter  will  be 
the  homologue  of  the  lances  of  the  Bee-sting. 

Thus  it  would  appear  that,  while  there  can  be  no  doubt  as 
to  the  general  unity  of  plan  of  ovipositors  and  stings,  the 
view  of  Lacaze-Duthiers  must  be  modified.  It  must  be  ad- 
mitted that  these  apparatuses  appertain  to  the  eighth  and 
ninth  somites,  and  not  to  the  ninth  alone  ;  and  that  there  is 
much  reas(m  to  suspect  that  their  chief  constituent  parts  are 
modified  limbs. 

The  male  copulatory  organs  *  are  often  very  complicated, 
and  their  homologies  have  not  yet  been  fully  determined. 
Kraepelin  (L  c),  who  has  examined  the  development  of  these 
parts  in  the  Drone,  and  the  modifications  found  in  hermaphro- 
dite Bees,  is  led  to  the  conclusion  that  they  are  developed 
from  the  eighth  and  ninth  somites  of  the  abdomen,  and  there- 
fore are  the  homologues  of  the  parts  of  the  sting  in  the  fe- 
male. In  the  male  Blatta^  however,  it  is  obvious  that  the 
male  copulatory  apparatus  belongs  to  a  more  posterior  somite 
than  that  upon  which  the  female  gonapophyses  are  developed. 

The  heart  usually  has  the  form  of  a  flattened  tube,  closed  at 
its  posterior  end,  but,  in  front,  continued  into  the  aorta,  which 
may  be  traced  as  far  as  the  cerebral  ganglia,  and  appears  to 
give  off  no  branches.  The  sides  of  the  tube  present  slit-like 
openings  (08tia\  which  vary  in  number  from  two  to  nine  pairs ; 
and,  when  there  are  several  pairs,  each  pair  answers  to  a  so- 
mite of  the  abdomen.  The  margins  of  the  ostia  may  be  sim- 
ple, or  may  be  produced  inward  into  folds,  which  play  the  part 
of  valves.  Muscular  or  ligamentous  fibres  may  extend  from 
the  hypodermis  to  the  dorsal  aspect  of  the  heart,  and  serve  to 
suspend  it  in  place. 

The  alary  muscles,  which  in  most  insects  are  fan-shaped, 
and  lie  in  pairs,  opposite  one  another,  on  each  side  of  the 
heart,  either  unite  in  the  middle  line,  or  are  inserted  into  a 
sort  of  fascia,  on  the  sternal  aspect  of  the  heart,  to  which 
organ  they  are  not  directly  attached. 

1  The  male  LibelluUdcB  possess  a  peculiar  copulatory  apparatus  developed 
upon  the  sternum  of  the  second  abdominal  somite.  The  genital  aperture  has 
the  ordinary  position,  and  hence,  before  copulation,  the  male  has  to  bend  the 
extremity  of  his  abdomen  upward  in  order  to  load  this  apparatus  with  sperma- 
tozoa. 
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The  septum  between  the  pericardial  cavity  and  the  gen- 
eral cavity  of  the  abdomen  thus  formed  is  termed  by  Graber  * 
the  pericardial  septum.  From  their  anatomical  relations, 
therefore,  the  alary  muscles  can  have  nothing  to  do  with  the 
diastole  of  the  heart,  the  pulsations  of  which,  indeed,  go  on 
just  as  well  when  the  alary  muscles  are  cut  through.  Graber 
throws  out  the  very  probable  suggestion  that  the  contraction 
of  the  alary  muscles  causes  the  pericardial  septum  to  move 
toward  the  axis  of  the  body,  and,  by  thus  enlarging  the  cavity 
of  the  pericardium,  facilitates  the  flow  of  blood  to  the  ostia  of 
the  heart.  The  same  investigator  ascribes  a  special  respira- 
tory function  to  the  abundant  tracheae  which  are  distributed 
to  the  walls  of  the  pericardium,  and  which,  undoubtedly,  must 
tend  to  facilitate  the  aSration  of  the  returning  blood. 

In  many  insects,  a  septum,  provided  with  transverse  mus- 
cles, overlies  the  abdominal  nerve-cord  and  separates  a  ven- 
tral blood  sinus,  in  which  the  cord  lies,  from  the  abdominal 
cavity.  The  sinus  is  open  in  front,  and,  as  the  muscles  of  the 
septum  contract  rhythmically  from  before  backward,  they 
tend  to  drive  the  blood  which  enters  it  to  the  posterior  end 
of  the  body. 

In  the  respiratory  system  of  insects  the  number  of  stig- 
mata is  observed  to  vary  from  one  to  ten  pairs.  As  a  mle, 
none  are  found  in  the  head,'  or  between  the  head  and  the 
first  thoracic  somite,  and  they  are  usually  absent  from  the 
terminal  somites  of  the  abdomen.  A  very  common  number 
is  nine  pairs;  the  first  being  situated  between  the  mesothorax 
and  the  metathorax,  and  the  rest  between  the  following  somites. 
Only  two  pairs  of  stigmata  are  found  in  the  lAbellulidoB  and 
JEJphemeridoB,  and  they  are  seated  upon  the  thorax.  In  Niepa 
and  Ranatra  there  is  only  one  pair  of  abdominal  stigmata, 
in  addition  to  those  in  the  thorax,  and  in  the  larvae  of  Tipu- 
lidcB  and  of  Hydrophilus  the  stigmata  are  reduced  to  one 
terminal  abdominal  pair.  The  stigmatic  openings  are  usually 
situated  upon  the  sides  of  the  abdomen,  but  in  some  Coleoptera 
(e.  g.,  Dytiscus)  they  are  dorsal,  and  in  many  Hemiptera  they 
are  situated  on  the  ventral  aspect  of  that  region  of  the  body. 
Either  the  lips  of  the  stigmatic  aperture  itself,  or  the  walls 
of  the  tracheal  trunk  which  arises  from  it,  are  so  disposed  as 

^  "  TJeber  den  propulsationischen  Apparat  der  Insecten  "  {ZeUschriftfv/r 
foias.  Zoologu^  1878),  and  "  Ueber  den  pulsirenden  Bauchsinus  der  Insecten  " 
(«Wrfyl876). 

«  Sir  John  Lubbock  found  the  two  spiracles  of  Smynthurus  to  be  situated 
on  the  under  side  of  the  head,  immediately  below  the  antennae. 
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to  constitute  an  occlusor  apparatus,  provided  with  a  muscle, 
by  the  contraction  of  which  communication  with  the  external 
air  can  be  cut  off.  This  occlusor  apparatus,  long  ago  de- 
scribed in  certain  insects  by  Strauss-Durckheim,  Newport, 
Burmeister,  Siebold,  and  others,  has  recently  been  specially 
investigated  by  Landois  and  Thelen,*  who  describe  it  as 
usually  consisting  of  four  essential  parts:  the  bow  (Ver- 
schlussbUgel),  the  Up  (Verschlussband),  the  /ever  (Verschluss- 
hebel),  and  the  muscle.  The  bow  is  a  thickening  of  one-half 
of  the  circumference  of  the  chitinous  lining.  The  lip  is  formed 
by  the  other  half  of  the  circumference,  and  the  lever  is  a 
chitinous  process  connected  with  one  end  of  the  bow,  or  with 
the  lip.  When  the  lever  is  single,  the  muscle  which  is  at- 
tached to  it  passes  over  the  lip  and  is  inserted  into  the  oppo- 
site end  of  the  bow.  When  it  contracts,  it  therefore  presses 
the  lip  against  the  bow.  When  two  levers  are  present,  they 
are  attached  to  opposite  ends  of  the  lip  and  bow,  and  the 
muscle  extends  between  their  extremities.  The  effect  of  its 
contraction  is  to  thrust  the  free  edge  of  the  lip  against  the 
bow. 

The  tracheal  trunk  which  arises  from  a  stigma  may  ramify 
without  communicating  with  the  rest ;  but,  usually,  the  tracheae 
which  proceed  from  each  stigma  enter  into  more  or  less  exten- 
sive anastomoses.  Very  commonly  the  main  trunks  of  each 
side  give  off  wide  anastomotic  branches,  which  unite  and  form 
a  longitudinal  trunk  on  each  side  of  the  body,  while  transverse 
trunks  often  connect  the  main  tracheae  of  opposite  sides. 

In  many  insects,  especially  those  which  possess  great 
powers  of  flight,  more  or  fewer  of  the  tracheae  become  dilated 
into  sacs,  in  which  the  spiral  marking  of  the  chitinous  lining 
is  interrupted  or  disappears.  In  Bees  and  Flies,  a  vast  air-sac 
is  thus  developed,  on  each  side  of  the  abdomen,  from  the 
longitudinal  anastomotic  trunk. 

The  aquatic  larvae  of  many  Orthoptera  {JSphemeridm^ 
Agrion^  Calopteryoii)  and  Neuroptera^  and  of  some  Diptera^ 
Lepidoptera^  and  Coleoptera^  though  provided  with  a  fully- 
developed  tracheal  system,  possess  no  stigmata.  The  somites 
of  the  abdomen  or  of  the  thorax  are,  however,  provided  with 
delicate  foliaceous  or  filamentous  processes,  into  which 
branches  of  the  tracheae  enter  and  ramify.  The  air  contained 
in  these  tracheae  is  therefore  separated  from  that  dissolved  in 

1  "  Ber  StiffmenveTschluBS  bei  den  Inseoten."     (Zeiischrift  fur  wisam- 
ieha/tUehe  Zociogie^  1867.) 


376         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

the  water  only  by  a  very  thin  layer  of  integumentary  tissue, 
and  an  exchange  of  gaseous  constituents  between  the  two 
readily  takes  place.  These  are  often  called  hranchioBy  but 
they  are  obviously  of  a  totally  different  nature  from  true 
branchiae.  The  larvae  of  some  Dragon-flies  {LibeUula  and 
^schna)  present  yet  another  form  of  respiratory  organ.  Al- 
though they  possess  a  pair  of  thoracic  stigmata,  these  appear 
to  have  little  or  no  functional  importance,  but  respiration  is 
effected  by  pumping  water  into  and  out  of  the  rectum.  The 
walls  of  the  latter  are  produced  into  six  double  series  of 
lamellae,  in  the  interior  of  which  tracheae  are  abundantly  dis- 
tributed, and  which  play  the  same  part  as  the  tracheal  bran- 
chiae just  mentioned.  These  rectal  respiratory  organs,  in 
fact,  appear  to  be  a  complicated  form  of  the  so-called  '^  rectal 
glands,"  which  are  so  generally  met  with  in  insects. 

The  chief  agent  of  the  movements  of  expiration  and  in- 
spiration in  insects  is  the  abdomen,  the  capacity  of  which 
may  be  diminished  by  the  approximation  of  its  terga  and 
sterna,  and  the  shortening  of  its  length  by  the  retraction  of 
its  posterior  into  its  anterior  somites  ;  while  it  may  be  en* 
larged  by  movements  in  the  opposite  directions.  When  the 
cavity  is  enlarged,  air  rushes  in  at  the  stigmata,  and  when  it 
is  diminished,  if  the  stigmata  are  open,  expiration  occurs  ; 
but,  if  the  stigmata  are  shut,  the  effect  of  the  expiratory  act 
must  be  to  drive  the  air  into  the  ultimate  ramifications  of  the 
tracheae.  The  movements  of  inspiration  and  expiration  vary 
in  rapidity  with  the  condition  of  the  insect.  In  the  Bee, 
Newport  observed  that  in  the  state  of  rest  they  were  as  few 
as  forty,  but  that  they  rose  to  one  himdred  and  twenty  with 
muscular  exertion. 

The  air-sacs  doubtless  assist  flight  by  the  diminution  of 
the  specific  gravity  of  the  insect,  which  follows  upon  their 
distention. 

The  sounds  produced  by  insects  *  are,  in  a  great  propor- 
tion of  cases,  effected  by  the  friction  of  hard  parts  of  the  in- 
tegument one  against  the  other.  Thus  the  Grasshopper  rubs 
the  femur  of  the  hind  leg  against  a  ridge  on  the  anterior 
wing,  and  the  chirp  of  the  Crickets  and  Locusts  is  produced 
by  the  friction  of  the  elytra.  The  parts  which  thus  rub  to- 
gether are  provided  with  serrations  and  ridges,  which  have  a 
constant  and  characteristic  disposition.     The  longicorn  Bee- 

>  8m  LandoiSf  ^^  Die  Ton-  und  Stimm-Apparate  der  Insecten."    {Zeittehrift 
far  vfiss,  2k>ologiey  1867.) 
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ties  produce  a  sound  by  the  friction  of  the  tergum  of  the  pro- 
thorax  upon  a  process  of  that  of  the  mesotborax,  and  the 
Dung-beetles  by  rubbing  the  coxae  of  the  hind-legs  against 
the  hinder  edge  of  the  third  abdominal  sternum.  Further, 
sounds  are  necessaril}'  produced  by  the  extremely  rapid  vibra- 
tion of  the  wings,  which  characterizes  the  flight  of  many  in- 
sects. Landois,  however,  found  that  the  thorax  of  a  Blue- 
bottle fly  continued  to  buzz  after  the  separation  of  the  head, 
the  wings,  the  legs,  and  the  abdomen.  The  separation  of  the 
halteres  weakened  the  sound  but  slightly.  The  acoustic  ap- 
paratus, in  fact,  lies  in  the  immediate  neighborhood  of  the 
thoracic  stigmata.  The  main  trunk  of  the  trachese  dilates 
into  a  hemispherical  sac,  which  opens  externally  by  the  stig- 
matic  orifice.  The  sac  presents  a  hooplike  thickening,  to 
which  are  attached  free  chitinous  folds  or  processes,  and  it  is 
to  the  vibration  of  these  that  Landois  ascribes  the  sound. 
The  vocal  organ  of  the  Fly  would  thus  appear  to  be  a  modi- 
fication of  the  occlusor  apparatus  of  the  stigmata,  just  as  the 
organ  of  voice  of  mammals  is  a  modification  of  the  occlusor 
apparatus  of  their  respiratory  opening. 

In  the  CicadcB  the  vocal  organs  are,  according  to  Lan- 
dois, the  posterior  thoracic  stigmata.  These  open  into  cham- 
bers, in  the  walls  of  which  tense  membranes  are  so  disposed 
as  to  intensify  the  sound  by  their  resonance. 

As  in  the  Crustacea^  so  in  insects,  the  central  nervous 
system  varies  very  much  in  the  extent  to  which  its  compo- 
nent ganglia  are  united  together.  In  most  Orthoptera  and 
Neuroptera  and  in  many  Coleoptera^  the  thoracic  and  abdom- 
inal ganglia  remain  distinct,  and  are  united  by  double  com- 
missures as  in  Slatta,  In  the  Lepidoptera,  the  thoracic  gan- 
glia have  coalesced  into  two  masses,  united  by  double  com- 
missures ;  while  in  the  abdomen  there  are  five  ganglia,  with 
single  or  partially  separated  commissural  cords.  The  concen- 
tration goes  furthest  in  some  Diptera  and  in  the  Strepsiptera^ 
in  which  the  thoracic  and  abdominal  ganglia  are  fused  into  a 
common  mass. 

A  system  of  stomato-gastric  nerves,  similar  in  its  general 
arrangement  to  that  of  JSlatta,  is  very  generally  present. 

A  special  system  of  nerves,  termed  respiratory  or  trans- 
verse, is  found  in  very  many  insects,  both  in  the  larval  and  in 
the  perfect  condition.  The  principal  nerves  of  this  system 
are  arranged  in  pairs  on  the  sternal  aspect  of  the  body,  and 
their  outer  extremities  anastomose  with  branches  of  the  or- 
dinary peripheral  nerves,  and  are  distributed  to  the  muscles 
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of  the  stigmata.  Their  inner  ends  unite  into  a  plexus,  which 
lies  over  the  interval  between  two  of  the  ganglia  of  the  cen- 
tral nervous  cord,  and  they  are  connected  by  longitudinal 
cords  with  one  another,  and  with  these  ganglia. 

In  insects,  as  in  other  arthropods,  the  branches  of  the 
nerves  which  are  distributed  to  the  integument,  and  especially 
those  which  pass  to  the  bases  of  the  larger  or  smaller  setas 
with  which  the  integument  is  provided,  frequently  end  in 
minute  ganglia.  Hen  sen  has  shown  that  in  the  Cirustacea 
similar  setae  in  all  probability  have  an  auditory  function  ;  and 
Leydig,  Hicks,  Lesp^s,  Landois,  and  others,  have  ascribed 
functions  of  special  sensation  to  these  structures  in  insects. 
But  whether  these  setae,  on  the  antennae  or  elsewhere,  sub- 
serve either  hearing  or  smell,  is  still  very  doubtful ;  and  the 
only  organs  which  can  safely  be  regarded  as  auditory  in  in- 
sects are  those  which  occur  in  Grasshoppers  {Acrididoe)^ 
Crickets  {Achetidce)^  and  Locusts  (Locnstidce),  and  which 
were  first  accurately  described  by  Von  Siebold.*  Recently, 
they  have  been  studied  by  Leydig,  Hensen,  Ranke,*  and  Os- 
car Schmidt,*  but  it  must  be  confessed  that  much  obscurity 
still  hangs  over  their  minute  structure. 

In  the  Acrididoe^  the  chitinous  cuticula  of  the  metathorax 
presents  on  each  side,  above  the  articulation  of  the  last  pair 
of  legs,  a  thin  tympaniform  membranous  space  surrounded 
by  a  raised  rim.  On  its  inner  face,  the  cuticular  layer  of  the 
tympaniform  membrane  is  produced  into  two  processes,  one 
of  which  is  a  slender  stem  ending  in  a  hollow  triangular  dila- 
tation. A  large  tracheal  vesicle  lies  over  the  tympanic  mem- 
brane, and  between  its  wall  and  the  latter,  a  nerve  derived 
from  the  metathoracic  ganglion,  passes  to  the  region  occupied 
by  the  processes,  and  there  enlarges  into  a  ganglion,  the  outer 
face  of  which,  beset  with  numerous  glassy  rods  arranged  side 
by  side,  is  in  contact  with  the  tympaniform  membrane.  A 
nerve  arising  from  this  ganglion  passes  along  a  groove  to  the 
"  stem  "  and  ends  in  a  ganglion  in  its  dilatation.  From  this 
ganglion  certain  fine  filaments  proceed. 

In  the  Achetidm  and  Locustidce  the  tibiae  of  the  fore-legs 
present  similar  tympaniform  membranes  which  are  easily  seen 
in  the  common  Cricket,  but,  in  other  forms,  become  hidden 

J  "  Archiv  fiir  Naturgeschiobte,"  1864. 

2  "  BeitrS^e  zu  der  Lehre  von  den  UebergangB-SinnesorsTanen."  {ZeU' 
BchHftfur  W188.  Zoologie^  1875.) 

8 'Schmidt,  "Die  Genororgane  der  Heusohrecken."  ("Archiv  f&r  mikr. 
Anatomie,''  1875.) 
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by  the  development  over  them  of  folds  of  the  cuticle  of  the 
adjacent  region  of  the  limb.  Two  spacious  tracheal  sacs  oc- 
cupy the  greater  part  of  the  cavity  of  the  tibia,  and  a  large 
nerve  ends  in  a  ganglion  in  the  remaining  space.  Upon  this 
ganglion  a  series  of  peculiar  short  rod-like  bodies  are  set. 

The  compound  eyes  of  insects  differ  only  in  detail  from 
those  of  the  Crustacea. 

In  the  ocelli^  or  so-called  simple  eyes,  a  sclerotic,  a  cornea, 
a  lens,  a  vitreous  humor,  and  a  choroid  coat,  have  been  dis- 
tinguished, and  the  whole  organ  has  been  compared  to  the 
vertebrate  eye.  But  the  "lens  "  appears  to  be  always  a  mere 
thickening  of  the  cuticle  which  constitutes  the  cornea,  and 
the  so-called  "  vitreous  humor  "  is  partially  or  wholly  made  up 
of  crystalline  cones  analogous  to  those  which  are  found  in 
the  compound  eye.  In  this  respect  the  ocellus  of  the  insect 
resembles  the  simple  eye  in  Arachnida  and  Crustacea.^ 

Many  insects,  as  the  Glow-worm  and  Lantern-flies,  are  re- 
markable for  their  power  of  emitting  light. 

According  to  Schulze,*  the  males  of  Lampyris  splendidula 
possess  two  photogenic  organs,  which  lie  on  the  sternal  aspects 
of  the  penultimate  and  antepenultimate  abdominal  somites. 
Each  is  a  thin,  whitish  plate,  one  face  of  which  is  in  contact 
with  the  transparent  chitinous  cuticula,  while  the  other  is  in 
relation  with  the  abdominal  nerve-cord  and  the  viscera.  The 
sternal  gives  out  much  more  light  than  the  tergal  face.  The 
photogenic  plate  is  distinguishable  into  two  laj^ers,  one  occu- 
pying its  sternal  and  the  other  its  tergal  half.  The  former  is 
yellowish  and  transparent,  the  latter  white  and  opaque,  in 
consequence  of  the  multitude  of  strongly  refracting  granules 
which  it  contains.  Tracheae  and  nerves  enter  the  tergal  layer, 
and  for  the  most  part  traverse  it  to  terminate  in  the  sternal 
layer,  which  alone  is  luminous.  Each  layer  is  composed  of 
polygonal  nucleated  cells.  The  granules  are  doubly  refrac- 
tive, contain  uric  acid,  and  probably  consist  of  urate  of  ammo- 
nia (KoUiker).  Hence  the  cells  of  the  layer  which  contain 
them  are  termed  by  Schulze  the  "  urate  cells,"  while  he  calls 
the  others  the  "  parenchyma  cells."  The  branches  of  the 
tracheae  which  ramify  among  the  parenchyma  cells  end,  like 
those  of  other  parts  of  the  body,  in  stellate  nucleated  cor- 

1  Levdig,  **  Da8  Au^e  der  Gliederthiere,"  1864.  Landois,  "  Das  Raupen- 
auge  "  (Zeiischnfe/ur  wise.  Zoologie,  1866),  and  "  Zur  Entwickelungsgeschichte 
der  facettirten  Auj^en  von  Tenebris  molttor^^  (iHd.,  1867). 

'  "  Zur  Kenntniss  der  Leuchtopgane  von  Lampyris  splendidula.^^  ("  Archiv 
fQr  mikr.  Anatomie."  1865.)  See  also  Kolliker,  **  Warzburff  Phys.  Med.  Ge- 
seUsohaft,"  1867. 
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puscles,  one  process  of  the  corpuscle  passing  into  a  ramifica- 
tion of  the  trachea.  Schulze  is  inclined  to  think  that  the 
other  processes  end  in  parenchyma  cells. 

The  nerves  of  the  photogenic  plates  are  derived  from  the 
last  abdominal  ganglion ;  they  branch  out  between  the  paren- 
ch3nna  cells  into  finer  and  finer  branches,  which  eventually 
escape  observation. 

The  female  reproductive  organs  of  insects  consist  of  the 
ovarian  tubes,  or  ovarioles,  with  their  so-called  peritoneal  in- 
vestments, and  of  the  oviducts,  which  unite  into  a  vagina ; 
while  a  spermatheca,  and,  generally,  accessory  glands  open 
into,  or  close  to,  the  vagina. 

The  ovarioles  may  be  few  or  very  numerous.  Each  con- 
sists of  an  external  structureless  memhrana  propria^  within 
which  lies  a  solid  columnar  mass  composed  of  cells.  The  an- 
terior, usually  tapering,  end  of  this  ovarian  mass  is  composed 
of  protoplasmic  substance  in  which  nuclei  are  imbedded,  but 
in  which  the  contours  of  the  cells  which  they  indicate  are  not 
distinguishable.  Further  back,  some  of  these  nuclei  enlarge, 
become  surrounded  by  an  accumulation  of  protoplasm,  and 
constitute  the  primitive  ova.  Each  primitive  ovum  is  sepa- 
rated from  its  fellow  by  a  layer  of  nucleated  protoplasm 
which  thus  forms  a  capsule  around  it.  In  some  iusects,  such 
as  Blatta^  the  capsule  is  hardly  distinguishable  in  those  ova 
which  lie  between  the  smallest  and  those  of  middling  size, 
which  follow  the  former  in  order  from  before  backward.  But, 
in  the  larger  ova  which  succeed  these,  the  cells  of  the  ovicap- 
sule  rapidly  enlarge  in  a  direction  perpendicular  to  the  sur- 
face of  the  ovum,  and  constitute  a  very  well-marked  epithelial 
layer.  I  am  inclined  to  believe  that,  for  some  time,  an  addi- 
tion is  made  to  the  vitellus  of  the  Q^g  by  these  epithelial 
cells,  and  that  they,  in  fact,  play  the  part  of  vitelligenous 
cells.  But  however  this  may  be,  before  long,  a  delicate  struct- 
ureless lamella  appears  on  the  surface  of  the  vitellus  and 
incloses  the  ^gg  as  a  vitelline  membrane.  The  epithelial 
cells  of  the  ovicapsule  next  secrete  from  their  surface  a  thicker, 
often  ornamented,  layer  of  chitinous  substance,  which  consti- 
tutes the  chorion,  and  the  ^gg  is  complete. 

The  ovarian  mass,  therefore,  as  Waldeyer  has  justly  pointed 
out,  corresponds  with  one  of  the  epithelial  tubes  of  the  ovary 
of  a  vertebrated  animal,  and  the  ovicapsules  answer  to  Graa- 
fian follicles. 

In  some  insects,  as  Aphis,  the  indifferent  tissue  of  the  an- 
terior end  of  the  ovarioles  gives  rise  not  only  to  ova  and  ovi- 
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capsular  epithelium,  but  to  large  vitelligenoua  cells.  These 
stay  in  the  dilated  anterior  chamber  of  the  ovarian  tube. 
But  each  ovum  is  ori^nally  connected  by  continuity  of  sub- 
stance with  one  of  these  cells,  and  the  pedicle  of  connection 
may  be  traced  even  to  the  second  and  third  ovum.  It  seems 
probable,  therefore,  that  these  "  vitelligenous  cells,"  for  some 
time,  supply  material  to  the  growing  ova. 

In  most  insects,  similar  vitelligenous  cells  are  found ;  but 
they  are  situated  at  the  anterior  end  of  each  ovicapsule,  so 
that,  as  the  column  of  ovicapsules  lengthens  by  the  addition 
of  new  ovicapsules  to  its  anterior  end,  the  vitelligenous  cells 
are  interposed  between  every  two  ova.  The  vitelline  mem- 
brane and  the  chorion  first  invest  the  posterior  extremity  and 
the  sides  of  the  ovum  ;  and,  for  some  time,  leave  an  opening 
at  the  end  of  the  ovum  adjacent  to  the  vitelligenous  cells. 
This  opening  is  usually  only  partially  closed,  and  what  re- 
mains of  it  constitutes  the  aperture  or  apertures,  termed  the 
vnicropyle^  through  which  the  spermatozoa  enter  when  the 
Qgg  is  fecundated.  The  vitelligenous  cells  usually  remain 
outside  the  ovum,  and  eventually  undergo  degeneration ;  but, 
in  many  Diptera^  they  become  inclosed  within  the  coats  of  the 
ovum  and  their  substance  is  merged  in  that  of  the  vitellus. 

Dr.  A.  Brandt  has  proposed  the  term  panoistic  for  ovaries 
of  the  first  mode,  and  meroistic  for  those  of  the  second  and 
third  modes  of  development  of  the  ova  here  described.  So 
far  as  is  at  present  known,  only  the  Orthoptera  and  the  I\di' 
cidce  possess  panoistic  ovaria. 

The  peritoneal  coat  of  the  ovarioles  is  a  cellular  struct- 
ure, containing  many  tracheae  and,  frequently,  muscular  fibres. 
It  is  usually  extended  beyond  the  anterior  end  of  each  ovari- 
ole  into  a  filamentous  process,  which,  after  uniting  with  those 
of  the  other  ovarioles  of  the  same  side,  is  continued  into  the 
pericardial  tissue.  At  its  opposite  extremity  it  passes  into 
the  walls  of  the  oviduct,  which  are  muscular  and  are  lined  by 
an  epithelium. 

The  development  of  the  ovaria  has  been  traced  in  Diptera 
and  Lepidoptera,  Each  ovary  is,  at  first,  a  rounded  mass  of 
indifferent  tissue,  from  which  a  filiform  prolongation  is  given 
off  backward  ;  this  has  not  been  traced  into  connection  with 
any  other  organ,  and  appears  to  terminate  by  a  free  end. 
The  mode  of  origin  of  this  rudimentary,  or  primary,  ovarium 
is  unknown,  but  the  first  step  toward  the  formation  of  the 
genital  organs  is  the  separation  of  the  peripheral  indifferent 
tissue  from  the  central  portion,  and  the  division  of  the  latter 
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into  as  many  elongated  solid  cellular  bodies  as  ovarioles  are 
to  be  formed.  The  peripheral  cells  become  the  peritoneal 
layer.  Each  cellular  rudiment  surrounds  itself  with  a  struct- 
ureless membrane,  and  then  elongates  into  an  ovariole,  some 
of  the  cells  filling  the  posterior  end  of  which  then  becomes 
differentiated  into  the  first  primary  ovum  and  its  capsule,  with 
or  without  vitelligenous  cells.  The  contents  of  each  ovariole 
must  therefore  be  regarded  as  a  column  of  generative  cells, 
which  instead  of  burrowing  in  the  stroma  of  an  ovary,  and 
becoming  divided  into  ovisacs,  as  in  a  vertebrated  animal, 
grows  straight  backward,  and,  as  it  grows,  becomes  divided 
into  ovisacs,  of  which  the  oldest  and  most  advanced  is  the 
hindermost. 

Nothing  is  certainly  known  respecting  the  origin  of  the 
vagina  or  the  oviducts,  though  it  may  be  suspected  that  the 
posterior  prolongations  of  the  primary  ovaries  give  rise  to  the 
latter. 

The  development  of  the  testes  takes  place  in  the  same 
manner  as  that  of  the  ovaries,  but  the  contents  of  the  testic- 
ular tubes  become  converted  into  spermatozoa.  The  origin 
of  the  vasa  deferentia  is  unknown.* 

In  most  insects,  the  vitellus  undergoes  partial  yelk-divis- 
ion* In  some  Podaridce^  however,  complete  division  has  been 
observed.  The  development  of  the  blastoderm  takes  place  in 
the  same  way  as  in  other  Arthropods,  and  the  cephalic  end  of 
the  embryo  terminates  in  two  procephalic  lobes.  In  many 
insects,  the  periphery  of  the  blastoderm,  external  to  the  lon- 
gitudinal thickening  which  gives  rise  to  the  sternal  region  of 
the  body,  and  which  may  be  termed  the  sternal  hand  ("  Keim- 
streif"  of  the  German  embryologists),  gives  off  a  lamina 
which  grows  inward  over  the  sternal  face  of  the  embryo, 
and  eventually  forms  a  complete  investment  thereto.  The 
lamina  may  be  formed  by  a  single  layer  of  cells,  or  it  may, 

• 

»  The  account  jriven  above  of  the  structure  of  the  ovarian  tubes  in  EUxtta 
and  Aphis  is  based  on  my  own  observations,  which  are  in  pretty  close  accord- 
ance with  those  of  A.  Brandt.  "  Ueber  die  EirShren  der  Blatta  (Pfriplanda) 
orientalis  "  ("  M^m.  de  P Acad.  St.-P^tersbourg,"  tome  xxi.,  18H).  The  liter- 
ature of  the  subject  is  somewhat  extensive.  See  especially  Leydig,  **  Der 
Eierstock  und  die  Samentasche  der  Insecten  "  (*'Nova  Acta,"  xxxiii.,  1867); 
Lubbock,  "  The  Ova  and  Pseudova  of  Insects  "  ("  Phil.  Trans.,"  1858) ;  Weis- 
mann,  "Die  nacherabrvonale  Entwickelung  der  Musciden"  [Zeitsehrifi  fUr 
wise.  Zoologie^  xiv.) ;  Bessels,  "  Entwickelunfir  der  Sexualdr'^jsen  bei  den 
Lepidopteren "  {ZeiUchrift  fur  wiss.  Zooloqie^  1857);  and  Von  Siebold, 
"  Beitrage  zur  Parthenogenesis  der  Arthropoden,"  1871.  The  various  forms 
of  the  micropyle  and  the  structure  of  the  chorion  are  dealt  with  by  Leuokart, 
in  his  elaborate  memoir,  "  Ueber  die  Micropyle  und  den  feineren  Bau  der 
Sohalenhaut  bei  den  Insekteneiem  "  ("  Mailer's  Archiv,"  1856). 
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from  the  first,  be  a  fold  of  the  blastoderm  and  thus  consist  of 
two  layers,  the  inner  of  which  is  continuous  with  the  sternal 
band,  and  the  outer  with  the  blastoderm  which  invests  the 
tergal  surface  of  the  vitellus.  In  the  latter  case,  it  becomes 
strictly  comparable  to  the  amnion  of  a  vertebrated  animal ; 
and,  when  the  folds  have  united  in  the  middle  line,  the  invest- 
ment in  question  is  distinguishable  into  an  outer  membrane, 
which  answers  to  the  lamina  serosa^  and  an  inner,  which  cor- 
responds with  the  anmion  proper  of  the  vertebrate  embryo. 
In  some  cases,  the  vitelline  substance  fills  up  the  interval  be- 
tween the  lamina  serosa  and  the  amnion,  so  that  the  sternal 
band  and  the  latter  form  a  sac  plunged  into  the  interior  of 
the  yelk. 

The  development  of  a  more  or  less  complete  amniotic  in- 
vestment has  been  observed  in  Orthoptera  {Libellula\  Cole- 
opteray  JSemipteray  Hymenoptera^  Lepidoptera^  and  Dip- 
teraj  but  it  does  not  appear  to  be  universal. 

Agamogenesis  is  of  frequent  occurrence  among  insects, 
and  occurs  under  two  extreme  forms ;  in  the  one,  the  parent 
is  a  perfect  female,  while  the  germs  have  all  the  morpho- 
logical characters  of  eggs,  and  to  this  the  term  parthenogene- 
sis ought  to  be  restricted.*  In  the  other  the  parent  has  in- 
complete female  genitalia,  and  the  germs  have  not  the  ordi- 
nary characters  of  insect  eggs. 

In  Coccus  {Lecanium)  hesperidum^  in  Chermes  ahietis 
and  piniy  no  males  have  been  observed;  but  the  perfect 
females  produce  ova,  out  of  which  only  females  proceed.  It 
is  probable  that  many  species  of  gall  insects  (  Cynips)  are  in 
the  same  predicament. 

The  unimpregnated,  apterous,  caterpillar-like  females  of 
the  Lepidopterous  genera  Psyche  and  Solenohia  lay  eggs 
out  of  which  only  females  issue.  The  males  occur  but  rarely 
and  locally,  and,  from  the  impregnated  eggs,  males  and 
females  issue  in  about  equal  numbers. 

Leuckart  discovered  that  the  ovaries  of  so-called  neuters 
among  wasps,  hornets,  humble-bees,  and  ants,  often  contain 
more  or  less  well-developed  eggs,  and  that  in  the  wasps  and 
humble-bees  such  eggs  are  laid  and  develop  y^oung,  the  sex 
of  which  was  not  ascertained.  Von  Siebold  has  observed  that 
the  neuters  of  Polistes  gaUica  are  distinguished  from  the  per- 

»  The  excellent  "  Beitrage  zur  Parthenogenesis  "  (1871)  of  Von  Siebold  is 
my  ohief  authority  for  the  statements  in  the  text  respecting  Agamogenesis  in 
IxiseotB. 
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feet  fertilizable  female,  by  little  more  than  their  smaller  size, 
and  that  they  possess  completely  developed  female  organs. 
These  neuters,  or  rather,  small  females,  laid  eggs  which  de- 
veloped, and  gave  rise  only  to  male  PolUtes.  The  unim- 
pregnated  females  of  a  Saw-fly,  Nematus  ventricosus  (the 
larvae  of  which  are  known  as  gooseberry  caterpillars),  regu- 
larly lay  eggs,  which  develop  and  produce  male  offspring. 

The  terms  arrenotokous  and  thdytokous  have  been  pro- 
posed by  Leuckart  and  Von  Siebold  to  denote  those  par- 
thenogenetic  females  which  produce  male  and  female  young 
respectively. 

In  the  case  of  the  Hive-bee,  it  has  been  ascertained  that 
the  queen  either  impregnates,  or  does  not  impregnate,  the 
eggs  when  they  are  laid.  The  spermatheca,  in  which  the 
spermatic  fluid,  introduced  by  the  single  act  of  copulation 
which  takes  place,  is  contained,  contracts  as  the  eggs  pass 
along  the  vagina,  in  the  former  case,  and  remains  passive  in 
the  latter.  The  unimpregnated  eggs  give  rise  to  males  or 
drones;  the  impregnated  eggs  to  females,  which  become 
neuters  with  imperfect  reproductive  organs,  or  queens,  with 
perfect  organs,  according  to  the  nutriment  which  they  re- 
ceive. • 

In  the  Aphides^  ova  deposited  by  the  impregnated  females 
in  the  autumn  are  hatched  in  the  spring,  and  give  rise  to 
forms  which  are  very  generally  wingless,  and  bring  forth 
living  young.  These  may  be  either  winged  or  wingless,  and 
are  also  viviparous.  The  number  of  successive  viviparous 
broods  thus  produced  has  no  certain  limit,  but,  so  far  as  our 
present  knowledge  goes,  is  controlled  only  by  temperature, 
and  by  the  supply  of  food.  Aphides  kept  in  a  warm  room 
and  well  supplied  with  nourishment  have  continued  to  propa- 
gate viviparously  for  four  years. 

On  the  setting  in  of  cold  weather,  or,  apparently,  on  the 
failure  of  nourishment  alone,  in  some  cases,  males  and  females 
are  produced  by  the  viviparous  forms.  The  males  may  pos- 
sess wings,  or  may  be  devoid  of  them.  The  females  appear 
invariably  to  be  apterous.  Copulation  takes  place  and  the 
eggs  are  laid. 

Sometimes  viviparous  forms  coexist  with  the  male  or  fe- 
male forms,  and  some  viviparous  Aphides  are  known  to  hi- 
bernate.* 

» Huxley,  "On  the  Agamic  Reproduction  and  Morphology  of  Aphis." 
( * '  Linnaean  TiansactionB,' '  1 857 . ) 

The  papers  of  M.  Balbiani  ("  Ann.  des  Sciences  Naturelles,"  1869, 1870,  and 
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The  viviparous  forms  diflfer  essentially  from  the  oviparous 
forms  ia  the  structure  of  their  reproductive  organs.  They  pos- 
sess neither  spermathecae  nor  colleterial  glands,  both  of  which, 
as  Von  Siebold  first  de^yionstrated,  are  present  in  the  females. 
The  young  are  developed  within  organs  which  resemble  the 
ovarioles  of  the  true  females  in  their  disposition  and  may  be 
termed  pseudovaries.  The  terminal  or  anterior  chamber  of 
each  pseudovarian  tube  is  lined  by  an  epithelium,  which  in- 
closes a  number  of  nucleated  cells.  One  of  the  hindermost 
of  these  cells  enlarges  and  becomes  detached  from  the  rest  as 
a  pseudovum.  It  then  divides  and  gives  rise  to  a  cellular 
mass,  distinguishable  into  a  peripheral  layer  of  clear  cells  and 
a  central  more  granular  substance,  which  becomes  surrounded 
by  a  structureless  cuticula.  It  is  this  cellular  mass  which 
gradually  becomes  fashioned  into  the  body  of  a  larval  Aphis. 
A  portion  of  the  cells  of  which  it  is  composed  becomes  con- 
verted into  a  pseudovarium,  and  the  development  of  new 
pseudova  commences  before  the  young  leaves  the  body  of  its 
parent.  It  is  obvious  that  this  operation  is  comparable  to  a 
kind  of  budding.  If  the  pseudovum  remained  adherent  to  the 
parental  body,  the  analogy  would  be  complete.* 

The  agamogenetic  multiplication  of  Cecidomyia-\B,r\2d  is 
an  essentially  similar  process.  Professor  Nicolas  Wagner,  of 
Kasan,^  discovered  that  the  larvae  of  a  Dipterous  insect  be- 
longing to  the  genus  Ceeldomyia,  or  to  a  closely-allied  form 
{Mlastor),  multiply  agamogeneticallv  in  the  autumn,  winter, 
and  spring.  In  summer,  the  final  terms  of  the  successive 
broods  of  grubs  thus  produced  are  metamorphosed  into 
males  and  females,  which  copulate  and  lay  eggs.  From  these, 
larvae  which  exhibit  the  same  phenomena,  emerge.  In  this 
case,  the  young  are  all  developed  from  germs  which  are  found 
lying  loose  m  the  perivisceral  cavity  of  the  parent,  the  body 
of  which  they  destroy  and  burst  in  order  to  become  free, 

for  1;h?n«if,H«^/^^^''^*^\?'?*  ^?'^  ^^  ^«°^"^t  «^  ^^^ir  richness  in  details,  but 
t^e  reDrolucJ  f«  ^r^^^^^  the  author  entertains  respecting  ^l^e  natuie  of 

ine^reproauotiveproceas  in  the  Aphides.  r        s  v 

Aota  "  {^f^  ui^  ^^P'^^^^-r  "^  ^i®  Sameutasohe  der  Tnsecten,"  '*  Nova" 
^e  sarm? fln  m^  '  ^^^%\^  November,  he  has  met  with  AphUes  ^n  w.hich,  ii^ 
DseudZ  nnTi:,^- ""^  ""l  ^y^  °^?"^"  *«^®«  «««*ai^  fullv-Jbrmed  ova,  and  other^ 
no  inform  Sf-f'S'  ^^5'^  ordinary  method  of  development,  Unfortunately 
tbeS  ft^^  ^r '^^^'^r?^^  ^  ^  whether  these  aphides  posses.^ed  a  sperma- 
mo^keSa  ^w  ^.^  evidence  of  impregnation  or  not.  The  occurrence  o'f  ajra-/ 
™  ll^rLr    **^  ^^^^^  propagation  is  in  itself  nothing  unprecedented, , 

«  K.  E,^  yqn  B^aer,  ^'.  B©richt,'»    (**  Bulletin  Acad.  St.-Petersbourg,"  1863.) 

17 
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Leuckart,  Metschnikoff,  and  Ganin/  have  shown  that  these 
germs  are  detached  from  the  pseudovaiium,  which  occupies 
the  place  of  the  rudimentary  ovarium  ordinarily  found  in  larvsB ; 
and  that  each  represents  the  egg-chamber  of  an  ordinary  in- 
sect ovariole  with  its  epithelial  capsule,  ovum,  and  vitelligenous 
cells. 

In  the  ordinary  process  of  growth  of  an  insect,  from  the 
time  it  leaves  the  egg  until  it  attains  the  adult  condition,  every 
marked  change  in  the  outward  form  of  the  body,  or  of  its  ap- 
pendages, is  accompanied  by  a  shedding  of  the  cuticula.  In 
some  cases  the  modification  effected  at  each  ecdysis  is  very 
slight,  and  the  moultings  of  the  cuticle  are  numerous,  amount- 
ing in  a  species  of  Day-fly  {Chloeofh)^  described  by  Sir  John 
Lubbock,  to  as  many  as  twenty.  In  such  a  case  as  this,  the 
structure  of  the  adult  is  gradually  substituted  for  that  of  the 
larva,  and  the  organs  of  the  larva,  for  the  most  part,  pass  into 
those  of  the  adult. 

The  like  holds  good  of  some  insects  which  undergo  meta- 
morphosis, that  is  to  say,  in  which  a  quiescent  pupal  condi- 
tion is  interposed  between  the  active  larval  and  the  active 
imaginal  states.  Herold  and  Newport  have  described  at 
length  the  series  of  changes  by  which  the  elongated  gangli- 
onic chain  of  the  Lepidopterous  caterpillar  is  converted  into 
the  much  more  highly  concentrated  nervous  system  of  the 
Butterfly  ;  and  Weismann  has  shown  by  what  gradual  steps 
the  apodal  Corethrar\9i,rvB.  acquires  the  character  of  the  Dip- 
terous imago.  But,  in  the  Flesh-flies  (Musca)^  and  probably 
in  many  other  members  of  the  division  of  the  Diptera  to 
which  they  belong,  the  apodal  magsfot,  when  it  leaves  the 
®&g»  carries  in  the  interior  of  its  bodv  certain  regularly  ar- 
ranged discoidal  masses  of  indifferent  tissue,  which  are  termed 
imaginal  disks.^  Of  these,  twelve  are  situated  in  the  thora- 
cic region,  two  on  each  side  of  each  thoracic  segment,  while 
two  others  lie  in  front  of  the  pro- thoracic  disks.  These  imagi- 
nal disks  underjQTO  little  or  no  chang^e  until  the  larva  incloses 
itselt*  in  its  hardened  last-shed  cuticle,  and  becomes  a  pupa. 
But  they  then  rapidly  enlarge  ;  each  of  the  sternal  thoracic 
disks  gives  rise  to  a  leg  and  to  its  half  of  the  sternal  region  of 

^Leuckart  "Die  unjjeschleohtliche  Vermehrun^  der  Cecidomvienlarven " 
(Gminger  NaehrieUm,  1865^ ;  K.  von  Baer,  "  TTeher  Prof.  Nic.  Wasnier's  Ent- 
deckunj?,"  etc.  (**  M^lan^es  biolo^iques  tir^s  du  Bulletin  de  PAcad.  Imp.  des 
Sciences  de  St.-P^tersbour^,"  1865). 

^  »  See  the  remarkable  memoir  of  Weismann,  "  Die  nachembryonale  Ent- 
wiokelun^  der  Musciden." 
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the  thorax,  while  the  tergal  disks  develop  into  the  tergul 
halves  of  the  correspondiDg  somites,  with  their  appendages, 
thA  wings  and  the  halteree.  The  anterior  pair  of  disks  origi- 
nate the  head  and  proboscis  of  the  fiy.  As  the  imaginal 
disks  develop,  the  pregxisting  organs  contained  in  the  bead 
and  thorax  of  the  larva  undergo  complete  or  partial  resolu- 
tion. On  the  other  hand  the  abdomen  of  the  fly  is  produced 
by  the  continuous  modification  of  the  constituentE  of  the  lar- 
val abdomen. 

As  in  the  Criatacea,  so  in  Insecta,  the  parasitic  habit  is 


Pre.  Ill—The  kft-handtore  r^'"'^^'"^ ,'SSV^i^L^-^^^J^T^r^lr 
(alnlDB  two  neariT  halcfimi  emre.  >nd  (lie  Tighl-bana  flirnitB,  a  nrwiy  born  Isrra  of 
avtoBt  on  B  hair  of  Andran-i  THmmerana.  A.  ventrm!  enrtace  of  the  thorai , 
F>fir.M™i™-o,mandtbl«;  6  tal.Ul  pUt««nd  montli ;  e,  tii1v«  ;  1,  i,  S.  the 


■d.    (AHti  Newport.) 


accompanied  by  extreme  modification  of  form.  In  this  re- 
spect the  Strepsiptera,-which  are  parasitic  upon  Bees,  present 
a  remarkable  history.  The  female  (Fig.  Ill)  has  the  forai  of 
a  sac  with  a  short  neck,  and  never  leaves  the  body  of  the 
Hymenopteran  in  which  she  is  parasitic.  The  males,  on  the 
contrary,  are  exceedingly  active  insects  provided  v^ith  a  sm- 
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gle  pair  of  wings,  which  are  attached  to  the  metathorax, 
while  the  mesothorax  has  a  pair  of  twisted  appendages  in  the 
place  of  wings. 

The  larvae  of  both  males  and  females  when  they  leave  the 
^gg  are  minute  active  hexapod  insects  (Fig.  Ill),  with  rudi- 
ment-iry  manducatory  organs,  and  are  found  creeping  about 
between  and  on  the  hairs  with  which  the  abdomen  of  their 
host  is  provided.  In  this  condition  they  are  carried  into  the 
nests  of  the  bees,  and  thsy  attack  the  larvae  of  the  latter,  bor- 
ing their  way  through  the  integument  into  the  abdominal 
cavity  of  the  grub.  Here  they  cast  their  cuticle  and  become 
changed  into  sluggish  apodal  grubs,  provided  with  a  mouth, 
with  rudimentary  jaws,  and  with  an  alimentary  sac,  but  de- 
void of  an  anus.  About  the  time  that  the  Hymen  op  terous 
larva  passes  into  its  imago  state,  the  Strepsipteral  larva 
thrusts  the  antarior  end  of  its  body  (the  so-called  cephalo- 
thorax)  between  two  of  the  abdominal  segments  of  the  bee, 
so  that  it  projects  externally.  The  male  becomes  a  pupa,  and 
eventually  makes  its  way  out  as  a  winged  insect.  The  fe- 
male, on  the  other  hand,  undergoes  little  change  of  outward 
form,  but  presents  an  opening,  which  plays  the  part  of  a 
vulva,  and  enables  the  male  to  effect  the  fecundation  of  the 
egors.  These  are  developed  within  the  body  of  the  female, 
and  make  their  way  out  by  the  cleft  in  question.* 

The  Ichneumon-flies  deposit  their  eggs  within  the  bodies 
of  the  larvae  of  other  insects,  and  the  grubs  thence  hatched 
devour  the  corpus  adiposum  of  their  host.  The  larvae  of 
some  of  these  parasites  {Platygaater^  Telects),  described  by 
Ganin,'  are  extraordinarily  unlike  other  insect  larvse,  and 
have  a  certain  resemblance  to  Copepoda, 

»  See  Von  Siebold  "  Ueber  Strepsipteren  "  ("  Archiv  fur  Naturgesohichte," 
1843),  and  Newport,  "Natural  History,  etc.,  of  the  Oil-beetle,  Meloe^^  ("Linn. 
Trans,"  1847). 

a  ZeUachnft/v^  Zoologie^  1869. 


CHAPTER  Vni. 

THE  POLYZOA,  THE  BBACHIOPODA,  AND  THE  MOLLUSCA. 

However  diverse  in  outward  appearance  and  in  com- 
plexity of  organization  the  multitudinous  forms  of  animals 
which  have  been  described  in  the  preceding  four  chapters 
(Chap.  IV.  to  VII.)  may  be,  the  student  passes  from  one  to 
the  other,  by  easy  and  natural  gradations,  from  the  simple 
Turbellarian  at  the  bottom  to  the  most  highly  differentiated 
Arthropod  at  the  summit  of  the  series.  But  with  the  higher 
Crustacea^  Arachnida^  Bndi  I^iseeta  the  scale  ends  ;  from  none 
of  these  are  we  led  to  any  higher  form  of  animal  life. 

The  Cuttle-fish,  the  Whelk,  the  Snail,  and  the  other  in- 
numerable forms  of  animals  with  univalve,  bivalve,  and  mul- 
ti valve  shells,  which  are  commonly  known  as  Molhisca^  are 
so  widely  different,  not  only  from  the  Arthropoda^  but  from 
all  the  higher  members  of  the  group  of  Worms  (Chap.  V.), 
that  any  connection  with  these  seems,  at  first,  to  be  wanting. 
The  segmentation  of  the  body,  which  is  so  conspicuous  a  fea- 
ture of  the  greater  number  of  the  members  of  the  series 
which  ends  with  the  Arthropods,  is  absent ;  limbs  are  want- 
ing ;  instead  of  the  equality  of  the  neural  and  haemal  faces 
of  the  bilaterally  symmetrical  body,  and  the  consequent 
remoteness  of  the  oral  and  anal  apertures,  which  is  usual 
among  the  Arthropods  and  Worms,  these  two  faces  are  usual- 
ly unequal.  The  haemal  face  is  often  produced  into  a  longer 
or  shorter  cone  ;  the  anus  is,  as  a  rule,  approximated  to  the 
mouth  ;  and,  very  often,  the  haemal  face  of  the  body  is  asym- 
metrical. 

The  higher  Mollusks,  in  fact,  form  the  final  term  of  a 
series  of  their  own,  which  commences  in  the  Polyzoa^  with 
animals  which  have  many  resemblances  to  the  Motifera, 

The  Polyzoa  or  Bryozoa. — In  outward  form  these  ani- 
mals bear  a  general  likeness  to  the  Sertularian  Hydrozoa^ 
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with  which  they  were  formerly  confounded  under  the  name 
of  "  Corallines."  Like  the  Sertularians,  they  almost  always 
form  compound  aggregations,  produced  by  repeated  acts  of 
gemmation  from  the  primitively  single  embryo,  and  have  a 
hard  cuticular  exoskeleton,  which  remains  when  the  soft 
parts  decay.     The  compound  organism  thus  formed  is  termed 


Fio.  113.— A  portion  of  the  polyzoariam  otHumateOa  repent  (after  Anman).* 

a  Polyzoarium  (Fig.  112),  and  each  zooid  which  buds  from 
the  common  stock  is  a  Polypide,  The  outer,  chitinous  or 
calcified,  cuticular  exoskeleton  is  termed  the  ectocyst,  and,  as 
the  rest  of  the  body  of  the  polypide  is  contained  in,  or  can 
be  retracted  into,  the  hard  case  thus  formed,  it  is  commonly 
termed  a  "  cell." 

The  proper  ectoderm,  with  the  parietal  layer  of  the  meso- 
derm which  lines  and  secretes  this  cell,  is  termed  the  endo- 
cyst  The  mouth  is  situated  on  a  disk,  termed  the  lopho- 
phore^  at  the  free  end  of  the  polypide ;  and  the  margins  of 
the  lophophore  are  produced  into  a  number  of  richly  ciliated 
tentactUa.  At  the  oral  aperture,  the  ectoderm  passes  into  the 
endodermal  lining  of  the  alimentary  canal,  which  is  almost 
always  divided  into  three  portions,  a  long  and  wide  pharynx, 
a  spacious  stomach,  and  a  narrow  intestine.  The  latter  is  al- 
ways bent  up  nearly  parallel  with  the  pharynx,  and  termi- 
nates in  an  anus  situated  beside  the  mouth.  As  the  nervous 
ganglion  is  placed  between  the  mouth  and  the  anus,  the  flex- 
ure of  the  intestine  is  neural,^  and  the  haemal  face  of  the 

»  "  Monograph  of  the  Fresh-water  Polyzoa,"  1856. 

«  In  deahng  with  the  morphologrical  relations  of  the  parts  of  Mollusks,  it  is 
Teiy  necessary  to  employ  a  terminology  wMoh  shall  be  independent  of  the  or- 
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body  18  developed  greatly  in  excess  of  the  neural  face.  A 
wifle  perivisceral  cavity  occupies  the  interval  between  the 
atimeDtary  canal  and  the  parietes  of  the  body,  and  sometimes 
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the  walls  of  this  cavity  are  ciliated.  Very  generally,  the 
gastric  division  of  the  alimentary  canal  is  connected  with 
the  parietes  of  the  body  bv  a  sort  of  ligament,  the  fi(n«- 
culuSy  or  gastro-parietat  band.  Circular  and  longitudinal  mus- 
cular fibres,  which  frequently  exhibit  distinct  transverse  stria- 
tions,  may  be  developed  in  the  body-wall ;  and  there  are  usual- 
ly special  muscles  for  the  retraction  of  the  lophophore  within 
the  cell,  and  others  for  the  closing  and  opening  of  the  oper- 
culnr  apparatus,  with  which  many  species  are  provided. 

I  therelore  terai  that  face  of  the  body  on 

,  „r  the  pedal  aaQ([lia(wlien  such  are  aeparataly 

re  plac«d,  ruuriU,  >Dd  the  opposite  hamal. 
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The  single  nervous  ganglion  is  situated,  as  has  been 
stated,  between  the  oral  and  the  anal  apertures.  In  tkrta- 
laria,  Scrupocellaria,  and  some  other  genera,  nervous  cords 

and  plexuses  connecting  the  gHnglia  of  the  several  poljpides, 
and  constituting  what  F.  Milller'  terms  a  "colonial  nervous 
system,''  have  been  descril>ed.  But  it  is  not  yet  certain  that 
these  corda  and  plexuses  are  really  nerves.  It  is  doubtful  if 
there  are  any  special  organs  of  sense,  unless  a  lobed  process 
— the  epistoma — which  overhangs  the  mouth  in  many  fresh- 
water Polyzoa,  be  of  this  nature.  The  ectoderm  of  that  region 
of  the  body  which  lies  immediately  beneath  the  tentacula  ia 
always  soft  and  flexible  ;  and  when  the  lophophore  ia  re- 
.  tracted,  becomes  invaginated,  so  as  to  form  a  sheath,  by  which 
the  tentacles  are  protected.  Sometimes,  as  in  the  Ctenosto- 
mata,'  this  sheath  is  surrounded  by  a  circle  of  chitinous  fila- 
ments, which,  when  the  tentacles  are  retracted,  furnish  a  pro- 
tective outer  covering  to  them.  And,  sometimes,  as  in  the 
Cheilostomata'  part  of  the  ectocyst  of  the  polype  ceD  is  dis- 
posed in  such  a  manner  as  to  constitute  a  movable  lid,  which 


PiB.  111.  —  SSmyKiaSorlo  /arwr.— \  small  portion  nf  a  poljzoarlan),  ehowlne  I! 


1  "  Arc>iiv  lOr  Anatorale,"  1880. 

'FFitTe,"01JBervationeoD  the  Minute  Stractore  of  some  nf  Ihe  Higher  Forms 
of  Polvpi"("PhU.  Trans.,"  18ST',  Eeiohert,  "Ueber  Zooioifyon  y«/Zoeiifi«" 
("  Abb.  d.  kOniRl.  Akad,  der  Wisaenschaften,"  Berlin,  18fi9). 

•  Busk,  "  Catalogue  ot  the  Marine  Pnlvzoa  in  the  British  Museum;  Cheilf)- 
Htomata,"  lS53-'fl4.  SMfor  this  btoup  Nitsuhe'a  recent  important  "Beitrtlg*  lUr 
KenntniBB  der  Brvnzoen  "  {ZtUnchrifi  fi)r  wia.  Zxtlogie,  186fl-'n), 

'  "  Calalogue  of  Marine  PoijiKia,"  1852, 
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shuU  down  on  the  retracted  polypide.  This  operctdum  is 
placed  on  the  opposite  side  of  the  polypide  to  that  on  which 
thfi  nprvmiB  ganglion  is  situated. 


In  many  genera,  the  cells  are  provided  with  flajrelliform 
appendages— the  vibracula  (Fig.  114).  These  arT  usually 
articulated  with  short  dilated  processes  of  the  ectocyst  and 
execute  constant  lashing  movements.  In  others  bodies 
shaped  like  birds'  heads,  with  a  movable  mandible,  and  either 
seated  upon  slender  and  flejibie  peduncles  or  sessile  snap 
incessantly.  Sometimes  these  last,  which  are  termed  amcu- 
tana  (Fig.  115),  are  present  along  with  vibracula. 


Pre.  llB.~awouto  tuieularia^A.  Part  of  th3  poljBoariani  Tlewed  ftom  ths  nennl 
Bide.  «linwln?tlieteDt»de8ofapolypMeprorraded  troni  Ita  cell  (*|;  tte  Inteetlna 
W  and  tbe  Btomach  and  enllet  (/} ;  a.  retractor  mnBclee  ;  if,  a.  avlcnlsrla.  One  nf 
theae  Is  totdiug  a  mlDDle  worm  which  U  haa  wizad.    In  front  of  IbJs  Is  Been  an 

B.  A  retraoled  poJjplde  wlthan  aTicnlarinm  id),  viewed  from  the  hamal  or  doraal 

The  dilated  bases  of  the  vibracula  contain  muscles  by  the 
contraction  of  which  the  fiagelliform  appendage  is  moved. 
In  the  avicularia,  a  large  adductor  muscle,  which  takes  its 
origin  from  the  greater  part  of  the  inner  surface  of  the 
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"  head,"  is  attached  by  a  slender  tendon  to  the  "  mandible  " 
on  the  one  side  of  the  hinge  line,  while  a  smaller  divaricator 
muscle  is  fixed  to  the  other  side.  The  mechanism  of  adduc- 
tion and  divarication  of  tb^  mandible  is  quite  similar  to  that 
by  which  the  dorsal  valve  of  the  shell  of  an  articulated  Bra- 
chiopod  is  moved  upon  the  ventral  valve. 

Male  and  female  reproductive  organs  are  usually  com- 
bined in  the  same  polypide.  They  are  cellular  masses,  devel- 
oped in  the  funiculus,  or  in  the  parietes  of  the  body,  whence 
the  ova  or  spermatozoa  are  detached  into  the  perivisceral 
cavity.  They  sometimes  pass  thence,  and  undergo  the-  first 
stages  of  their  development  in  dilatations  of  the  wall  of  the 
body,  termed  ovicells. 

Multiplication  by  gemmation  occurs  throughout  the  group, 
but  the  buds  usually  remain  adherent  to  the  stock.  In  Loxo- 
soma  and  PediceUina,  however,  the  buds  become  detached. 

Some  Polyzoa  multiply  agamogenetically  by  a  kind  of 
.gemmule  developed  in  the  funicuLus^  provided  with  a  pecul- 
iar shell,  and  termed  a  stcUobldst, 

With  these  general  characters,  the  Polyzoa  present  an 
interesting  series  of  modifications.  They  have  been  divided 
by  Nitsche  into  two  groups — the  Eatoprocta^  in  which  the 
anus  lies  within  the  circle  of  tentacles  ;  and  the  Ectoprocta^ 
in  which  it  lies  outside  this  circle.  In  the  former  division, 
the  genus  Loxosoma^  which  attaches  itself  to  Sertularians 
and  to  other  Polyzoa^  is  particularly  noteworthy.  It  is  a 
small  stalked  animal,  and  the  superior  wider  end  of  the  body 
is  an  obliquely  truncated  disk,  the  margins  of  which  are  elon- 
gated into  ten  ciliated  processes.  The  mouth  is  a  trans- 
versely elongated,  slit-like  aperture  on  the  lower  side  of  the 
tentacular  circlet.  A  long  oesophagus  connects  this  with  a 
globular  csecal  gastric  sac.  From  the  midst  of  the  disk,  a 
conical  prominence,  the  summit  of  which  bears  the  anus,  is 
situated.  The  sexes  are  united,  the  ovaries  and  testes  being 
situated  on  each  side  of  the  stomach,  and  the  spermatozoa 
pass  directly  into  the  ovaries.  No  nervous  system  has  yet 
been  made  out  in  Loxosoma.  The  animal  is  fixed  by  the 
truncated  extremity  of  its  narrow  stalk-like  end  ;  and  this 
stalk  contains  a  gland,  the  duct  of  which  opens  in  the  centre 
of  the  face  of  attachment. 

Loxosoma  appears  to  multiply  by  budding,  but  the  ap- 

»  Kowalewsky.  "  BeitrS^e  zur  Anatomic  und  Entwickelungsgeachichte  des 
Ix)xo8oma  neapolitanum '*  ("M^m.  de  I'Acad.  de  St.-Petersbourg,"  1866).  Os- 
car Schmidt  "Die  Gattung  Loxosoma"  ("Archiv  tiir  mikr.  Anatomie,"  1876). 
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parent  buds  are  really  one  of  two  kinds  of  embryos  devel- 
oped from  the  impregnated  ova.  The  other  kind  of  embryo 
becomes  a  gastrula,  with  a  large  post-oral  ciliated  disk,  like 
a  mesotrochal  annelid  larva,  and  its  ultimate  fate  has  not  yet 
been  traced. 

The  Ectoprocta  are  divided  into  the  QymnoUjmiata^  wliich 
have  a  circular  lophophore,  and  no  epistoma ;  and  the  Phylac- 
tokevnata^  which  possess  an  epistoma,  and  usually  have  the 
lophophore  prolonged  into  two  lobes,  so  as  to  be  horseshoe- 
shaped  ;  whence  the  term  hippocrepian  applied  to  such  Po- 
lyzoa. 

Among  the  Gymnoloemata  are  distinguished  :  the  Cyclo- 
stomataj  in  which  the  opening  of  the  cell  is  round  and  has  no 
opercular  structures  ;  the  Ctenostomata  (supra),  and  the 
GheUostomata  (supra). 

All  the  Phylactolmmata  are  inhabitants  of  fresh  water ; 
"while  all  the  Gymnolo&mata^  except  PaludiceUa^  are  marine. 

The  polyzoarium  of  Gristatella  is  free  and  creeps  about- as 
a  whole ;  and  that  of  Lumdites  is  free,  at  any  rate  in  the 
adult  condition. 

In  the  fresh-water  Polyzoa^  the  impregnated  ovum*  gives 
rise  to  a  saccular  planuliform  embryo,  which  is  covered  external- 
ly with  cilia.  From  one  end  of  this  cystid,  one  or  more  poly- 
pides  are  developed  from  thickenings  of  the  wall  of  the  sac. 

In  the  Gymnolaematous  genera  Bugula,  Scrupocdlaria^  and 
Picellaria,  the  embryo  is  ciliated,  and  provided  with  a  mouth 
and  with  eye-spots.  After  swimming  about  for  some  time,  it 
loses  its  cilia,  fixes  itself,  acquires  a  chitinous  outer  coat,  and 
becomes  a  mere  sac  or  cystid,  in  which  a  polypide  is  developed 
by  gemmation,  and  gives  rise  to  the  first  cell  of  the  polyzoa- 
rium. 

Schneider*  has  shown  that  the  anomalous  Cyphonautes, 
which  he  considers  to  resemble  Actinotrocha,  and  which  is 
inclosed  in  a  bivalve  shell,  is  the  larva  of  Membranipora  pi- 
losa.  It  is  provided  with  an  intestine,  and  with  largely  de- 
veloped ciliated  motor  bands.  But  when  it  attaches  itself,  all 
these  organs  disappear,  and  the  larva  passes  into  the  condi- 
tion of  a  cystid,  from  which  a  polypide  is  developed,  as  in  the 
foregoing  cases. 

>  See  Dumortier  and  Van  Beneden,  "  Histoire  Naturelle  d.  Polypes  compo- 
B^esd'eau  douce  "  (*'  M^m.  de  I'Aad.  Koyale  de  Bruxeiles,"  1850) ;  the  mono- 
graph of  AUman  cited  above  ;  and  Nitsche'e  **  Beitrage." 

«  "  Zur  Entwickelungageschiohte  und  systematischen  Stellung  der  Bryozoen 
nnd  Gephyreen."    ('*  Arohiv  far  mikr.  Anat.,"  1869.) 
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Hence,  it  has  been  pointed  out  that  the  characteristic  poly- 
pide  of  the  ectoproctous  Polyzoa  is  a  structure  developed 
from  the  cystid,  in  much  the  same  way  as  the  7'(0B/^^«-head  is 
developed  from  its  saccular  embryo;  or  as  the  Cercaria  is  de- 
veloped from  the  sporocyst,  or  Media  ;  the  cystid  of  the  Phy- 
lactoloemata  being  comparable  to  a  sporocyst,  and  that  of  Mem- 
hranipora  to  a  Media.  But,  without  altogether  denying  the 
justice  of  this  comparison,  it  may  be  suggested  that  the  cys- 
tid is  comparable  to  a  vesicular  morula,  and  that  the  mode  of 
development  of  the  alimentary  canal  of  the  polypide  corre- 
sponds with  that  of  the  formation  of  an  alimentary  sac  by  in- 
vagination. If  this  view  of  the  case  be  correct,  the  perivisce- 
ral cavity  in  the  Polyzoa  is  a  blastocoele,  more  or  less  modified 
by  the  development  of  the  mesoderm. 

The  only  known  representative  of  the  genus  Mhahdoplev- 
ra  '  is  ah  aberrant  Polyzoon  which  presents  many  interesting 
peculiarities.  The  polyzoarium  consists  of  a  creeping  stem 
from  which  erect  branches,  each  of  which  ends  in  a  circular 
aperture  and  constitutes  the  cell  of  a  polypide,  arise.  The 
cavity  of  the  stem  is  divided  by  transverse  septa,  and  its 
centre  is  traversed  by  a  hollow  chitinous  cord,  which  passes 
through  and  is  attached  to  the  septa. 

The  lophophore  resembles  that  of  the  hippocrepian  Phy- 
lactolcBmata  in  beijig  produced  into  two  arms,  fringed  with  a 
double  series  of  tentacula.  These  arms  are  longer,  narrower, 
and  more  cylindrical  than  in  any  other  Polyzoa y  and,  thus  far, 
approach  the  arms  of  the  Brachiopoda.  Furthermore,  the 
tentacula  are  con6ned  to  the  arms,  which  are  very  flexible. 
Betweeen  the  bases  of  tlie  arms  there  is  a  rounded  or  pen- 
tagonal disk  with  raised  and  ciliated  edges,  which  occupies 
the  place  of  the  epistoma  in  the  phylactolsematous  Polyzoa. 
The  mouth  is  situated  beneath  the  free  margin  of  this  disk, 
on  the  opposite  side  to  the  anus,  and  to  that  toward  which 
the  arms  are  turned.  The  animal  is  attached  to  the  bottom 
of  its  cell,  or  rather  to  the  endosarc  of  the  stem,  by  means  of 
a  long  contractile  pedicle,  by  which  its  retraction  is  eflected. 
According  to  Sars  it  protrudes  itself  by  climbing  up  the  wall 
of  its  tubular  cell  b}'  means  of  the  disk.  Prof.  Lankester's 
comparison  of  the  polypide  of  Mhabdopleura  to  the  embryo 
Pisidium '  appears  to  me  to  be  fully  justified.  The  branchias 
of  Nuculay  in  form  and  position,  present  no  little  resemblance 

*  See  the  papers  of  AUman  and  G.  0.  Sars,  Quarterly  Journal  of  Micro- 
$€opical  Science,  1869  and  1874. 

a  '*  On  the  Developmental  History  of  the  Mollusca."  (*'  Phil.  Trans.,"  1874*) 
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to  the  arms  of  RhahdopUuray  though  these,  like  the  arms 
of  the  Brachiopoda^  are  probably  more  strictly  comparable 
to  the  labial  palpi  of  the  Lamellibranchs. 

Polyzoa  occur  in  the  fossil  state  from  the  Silurian  epoch 
to  the  present  day,  and  the  oldest  forms  are  referable  to  the 
groups  which  now  exist. 

The  Brachiopoda. — The  Brachiopoda  are  all  marine 
animals  provided  with  a  bivalve  shell,  and  are  usually  fixed 
by  a  peduncle  which  passes  between  the  two  valves  in  the 
centre  of  the  hinge  line,  or  the  region  which  answers  to  it,  in 
those  Brachiopods  which  have  no  proper  hinge.  They  never 
multiply  by  gemmation,  nor  give  rise  to  compound  organisms. 
The  shell  is  always  inequivalve  and  equilateral ;  that  is  to  say, 
each  valve  is  symmetrical  within  itself  and  more  or  less  un- 
like the  other  valve.  The  shell  is  a  cuticular  structure  se- 
creted by  the  ectoderm,  and  consists  of  a  membranous  basis, 
hardened  by  the  deposit  of  calcareous  salts,  sometimes  con- 
taining a  large  proportion  of  phosphate  of  lime  {^Lingula), 

In  many  Brachiopods,  variously-formed  calcareous  spic- 
ula,  or  minute  plates,  are  found  in  the  walls  of  the  peri- 
visceral cavity,  and  of  the  greater  sinuses ;  and  also  in  the 
arms  and  cirri,  and  sometimes  these  unite  together  so  as  to 
form  an  almost  continuous  skeleton.* 

The  body,  or  rather  that  part  of  it  which  contains  the  chief 
viscera,  is  often  small  relatively  to  the  valves  of  the  shell, 
and  the  integument  is  produced  into  two  broad  lobes,  which 
line  so  much  of  the  interior  of  the  valves  as  the  visceral  mass 
does  not  occupy.  The  free  edges  of  these  lobes  are  thickened, 
and  are  beset  with  numerous  fine  chitinous  setae  like  those 
found  in  Annelids,  and  like  them  lodged  in  sacs.  Between 
the  two  lobes  of  the  mantle,  or  pallium^  is  the  pallial  cham- 
ber, bounded  behind  the  anterior  wall  of  the  visceral  mass. 
In  the  middle  line,  this  wall  presents  the  oral  aperture,  which 
is  seated  in  the  midst  of  a  wider  or  narrower  area,  the  mar- 
gins of  which  are  provided  with  numerous  ciliated  tentacula. 

In  Argiope,  the  oral  area  occupies  a  large  part  of  that  lobe 
of  the  mantle  which  is  ordinarily  termed  dorsal,  and  its  mar- 
gins are  simply  indented  by  three  deep  sinuations.  In  TTieci- 
dium,  the  sinuations  are  deeper,  and  the  folds  of  the  oral  area 
thus  produced  narrower.     But  in  most  Brachiopods  the  oral 

» These  have  been  described  by  Woodward,  Lacaze-Buthiers,  and  especially 
by  Eudes  Deslon^^champs,  ^^  Recherches  sur  Porganisation  du  Manteau  chez  les 
Braohiopodes  articul^s,"  1864. 
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area  is  narrowed  to  a  mere  groove,  and  is  produced  on  each 
side  of  the  mouth  into  a  long  spirally-coiled  arm,  fringed  with 
tentacles ;  whence  the  name  of  BrcLckiopoda^  applied  to  the 
group. 

In  this  case  the  ten  taenia  disappear  from  the  anterior 
margin  of  the  oral  disk  in  the  region  of  the  mouth,  and  are  re- 
placed by  a  lip-like  ridge.  Each  arm  contains  a  canal,  which 
ends  in  a  sac  at  the  side  of  the  mouth. 

In  Waldheimia  (Fig.  116),  the  two  arms  are  united  to- 
gether and  their  distal  portions  coiled  into  a  horizontal  spiral. 
In  many  genera,  the  margins  of  the  oral  area  or  arms  are 
fixed  to  processes  of  the  dorsal  valve  of  the  shell.^  In  this 
case  the  arms  are  not  protrusible  ;  but,  according  to  the  ob- 
servations of  Morse,'  they  can  be  straightened  and  extended 
beyond  the  shell  in  Rhynchonella^  which  has  no  brachial 
skeleton. 

The  alimentary  canal  consists  of  an  oesophagus,  a  stomach, 
provided  with  hepatic  follicles,  and  an  intestine.  In  the  ma- 
jority of  existing  genera  the  latter  is  short,  and  ends  in  a 
caecum  in  the  middle  line  of  the  body  (e.  g.,  Wcddheitnia)  ;  in 
others  it  is  long,  and  opens  into  the  pallial  chamber  on  the 
right  side  of  the  mouth  (e.  g.,  Lingula^  Discina^  and  Crania), 

The  alimentary  canal  is  invested  by  an  outer  coat — ^the  so- 
called  peritoneum-^by  which  it  is  suspended,  as  by  a  mesen- 
tery, in  a  spacious  "  perivisceral "  cavity.  The  walls  of  this 
cavity  are  provided  with  cilia,  the  working  of  which  keeps  up 
a  circulation  of  the  contained  fluid.  Lateral  processes  of  this 
coat — the .  gastro-parietal  and  ileo-parietal  hands — connect 
the  gastric  and  intestinal  divisions  of  the  alimentary  canal 
respectively,  with  the  parietes.' 

From  the  perivisceral  cavity,  sinus-like,  branched  prolonga- 
tions extend  into  each  lobe  of  the  mantle,  and  end  caeoally  at 
its  margins.  The  lobes  of  the  mantle  are  probably,  together 
with  the  ciliated  tentacula,  the  seat  of  the  respiratory  func- 
tion. The  sinuses  of  the  pallial  lobes  of  Lingvla  give  rise 
to  numerous  highly  contractile,  teat-like  processes,  or  anipid- 
Ice,  During  life  the  circulating  fluid  can  be  seen  rapidly  cours- 
ing into  and  out  of  each  ampulla  in  turn  (Morse,  I.  c,  p.  33). 

1  See^  for  excellent  flares  of  these  arrangements^  and  for  the  shells  and  ex- 
ternal form  of  the  body  in  general,  "Woodward's  '*  Manual  of  the  Mollusca." 

«  "  On  the  Systematic  Position  of  the  Brachiopoda."  ("  Proceedings  of  the 
Boston  Society  of  Natural  History,"  1873.) 

«  Huxley,  "  Contributions  to  the  Anatomy  of  the  Brachiopoda  "  ("Proceed- 
ings of  the  Koval  Society,"  1854);  and  Hancock,  *'  On  the  Organization  of  the 
Brachiopoda"  ("Phil.  Trans.,"  1868). 
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?te.Il&— lateral  riew  or tbevlKcera  of  WiMhelmia  mul.TaUi{attet  Hancock.  "On 
Ihe  OftnniUIion  of  tie  Brmhlopoda,"  "Hiil.  Trsn?.,"  18581.  fl,  "  aoreal "  layer 
ormsalle;  b,  "ventral  "  lajer;  c,  aatflrtor  wsllii  or  tbe  bod;  beiween  the  nviDtle 
lobes:  d,  armcp,  initletj  ?.iromich  with  car  biliary  claciii  or  tlielert  Bide;  r.  liibt 
tieMilc  maeii;  (,  inteslue  endlne  CECcally  below  '  «.  Bo-callc'd  "  snrlclee;"  o  tb' 
rl^t  "psendo^eftrr,*'  tbe  left  being  almoit  vbollj  removed;  ftr.  pjriform  v< 
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The  perivisceral  cavity  communicates  with  the  pallial 
chamber  by  at  fewest  two,  and  sometimes  four  {JRhynchonelr 
Id)^  tubular  organs,  which  have  been  described  as  hearts,*  but 
are  now  known  to  have  no  such  nature. 

Each  of  these  organs  is  shaped  like  a  funnel,  the  wide  por- 
tion which  opens  into  the  perivisceral  cavity  being  much  plait- 
ed and  folded,  and  separated  by  a  constriction  from  the  nar- 
rower part,  which  answers  to  the  pipe  of  the  funnel.  The  lat- 
ter, passing  obliquely  through  the  anterior  wall  of  the  visceral 
chamber,  ends  by  a  small  aperture  in  the  pallial  cavity.  Prof. 
Morse  has  observed  the  passage  of  the  eggs  through  these 
organs  in  Terehratulina  septentrionalis.  They  are  drawn 
into  the  open  end  of  the  funnel  by  the  action  of  the  cilia  with 
which  its  surface  is  covered,  and  enter  the  pallial  cavity  by 
the  aperture  just  mentioned.  It  is  probable  that  these  "  pseu- 
do-hearts "  subserve  the  function  both  of  renal  organs  and 
of  genital  ducts  ;  and  that  they  are  the  homologues  of  the 
organs  of  Bojanus  of  other  mollusks,  and  of  the  segmental 
organs  of  worms. 

Between  the  ectoderm  and  the  lining  membrane  of  the 
prolongations  of  the  perivisceral  cavity  in  the  mantle,  and 
between  the  endoderm,  the  ectoderm,  and  the  lining  membrane 
of  the  perivisceral  cavity  itself,  there  is  an  interspace  broken 
up  into  many  anastomosing  canals,  which  I  conceive  to  rep' 
resent  a  large  part  of  the  proper  blood  system. 

Vesicular  dilatations  of  the  walls  of  these  canals  found  at 
the  back  of  the  stomach,  and  in  some  other  localities,  in  the 
Brachiopods  with  articulate  shells,  have  been  regai-defJ  as 
hearts;  but  observations  on  the  living  animals,  made  by  various 
investigators,  show  that  they  are  not  contractile,  and  their 
function  is  unknown.  Although  the  existence  of  a  direct 
communication  between  the  perivisceral  chamber  and  the 
blood  canals  has  not  been  demonstrated,  it  is  very  probable 
that  the  perivisceral  chamber  really  forms  pari;  of  the  blood- 
vascular  system. 

Muscles  for  the  adduction  and  divarication  of  the  valves 
of  the  shell,  and  for  effecting  the  other  movements  of  the  ani- 
mals, are  well  developed  in  the  Brachiopoda,^  They  are  to  a 
great  extent  striated. 

»  Owen.  *'  Lettre  sur  Tappareil  de  la  circulation  chez  les  MoUuaques  de  la 
classe  des  Brachiopodes."    0'  Annalea  des  Sciences  Naturelles,"  1845.) 

^  See  Hancock  (1.  c).  Owen,  Introduction  to  Davidson^s  '*  Fossil  Brachi- 
onoda."  (*'  Memoirs  of  the  Palieontoorraphioal  Society,"  and  **  Transactions 
of  the  Zodlogical  Society  of  London,"  1835.) 
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The  nervous  system  of  the  articulated  Brachiopods,  in 
which  it  has  been  best  made  out,  consists  of  a  relatively  thick 
ganglionic  band  on  the  ventral  side  of  the  mouth,  the  ends  of 
which  are  united  by  a  commissural  cord,  which  surrounds  the 
gullet,  and  bears  two  small  ganglionic  enlargements.  The  lat- 
ter probably  answer  to  the  cerebral,  the  former  to  the  pedal, 
ganglia  of  the  JLamellibranchiata,  Immediately  behind  the 
pedal  mass,  from  which  two  large  nerves  to  the  dorsal  or  ante- 
rior lobe  of  the  mantle  are  given  off,  are  two  elongated  ganglia, 
connected  by  a  commissure  of  their  own,  which  possibly  cor- 
respond with  the  parieto-splanchnic  ganglia  of  the  higher  Mol- 
lusks.  The  nerves  to  the  ventral  lobe  of  the  mantle  and  those 
to  the  peduncle  arise  from  these  ganglia. 

In  the  inarticulated  Brachiopods,  our  knowledge  of  the  ner- 
vous system  is  very  imperfect.  In  Lingula^  Professor  Owen 
has  described  two  lateral  nerve-cords,  and  the  observation 
has  been  confirmed  by  Gratiolet  and  Morse.  The  latter  anato- 
mist finds  similar  cords  in  Discina^  and  Gratiolet  has  de- 
scribed an  oesophageal  ring  in  Lingula,^ 

The  reproductive  organs  are  lodged  in  the  perivisceral 
cavity  or  its  prolongations,  and  are  apparently  always  con- 
tained in  processes  of  the  lining  membrane  of  that  cavity i 
It  is  not  clear  whether  herniaphrodism  is  the  rule  or  the  ex- 
ception. Thecidmm^  however,  has  been  shown  by  Lacaze- 
Duthiers  to  be  dioecious  ;  and,  according  to  Morse,  the  sexes 
are  distinct  in  Terebratiilina  and  Discina, 

The  development  of  the  Srachiopoda,  notwithstanding 
the  important  observations  of  F.  Muller,''  Lacaze-Duthiers,' 
and  especially  of  Morse,*  stood  much  in  need  of  further  eluci- 
dation (especially  in  regard  to  the  earlier  conditions  of  the 
embryo),  until  quite  recently,  when  the  investigations  of 
Kowalewsky*  filled  up  the  hiatus  in  our  knowledge  for  the 
genera  Argiope,  Thecidium,  Terebratula,  and  Terebratulina, 
The  egg  becomes  converted  into  a  vesicular  morula,  in  which 
an  alimentary  sac  is  developed  by  invagination,  and  this  sac 
gives  off,  as  in  Sagittay  two  diverticula,  which  become  shut 

» '*  Recherches  pour  servir  k  Phistoire  des  Brachiopodes."  ("  Journal  de 
Conchvliologie,"  1860.) 

3  ''  Beschreibunff  einer  Brachiopoden-Larva."    ('*  Archiv  fur  Anat.,"  1860.) 
3  "  Histoire  de  la  Th^cid^e."    ("  Ann.  d'Hist.  Nat.,"  1861.) 

*  "  On  the  early  stages  of  TerehratuUna  septentrionalisy  ("  Memoirs  of  the 
Boston  Society  of  Natural  History,*'  1869,  and  the  memoir  already  cited). 

*  Contained  in  a  memoir,  published  at  Moscow  in  1874,  for  which  I  am  in- 
debted to  the  courtesy  of  the  author.  It  is  in  Russian  ;  but  1  have  been  able  to 
acquaint  myself  with  its  contents,  to  some  extent,  by  the  aid  of  a  friend. 
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off  from  the  alimentary  canal,  and  are  converted  into  the  peri- 
visceral cavity.  The  latter,  therefore,  is  an  enterocoele.  The 
embryo  elongates,  and  constrictions  divide  it  into  three  seg- 
ments, of  which  the  anterior  becomes  fringed  with  long  cilia, 
and  develops  eye-spots.  Thus  the  young  Brachiopod  acquires 
a  great  resemblance  to  an  ordinary  Annelid  larva.  The  re- 
semblance is  increased  by  the  appearance  of  four  bundles  of 
setse  on  the  middle  segment,  which  becomes  produced  into  a 
sort  of  hood,  the  free  edges  of  which  are  at  first  turned  back- 
ward and  bear  these  setse.  As  the  larva  grows,  the  third 
segment  becomes  truncated  at  the  end,  and  furnishes  a  sur- 
face (provided  with  a  shell  gland  ?  infrd),  by  which  the  larvm 
attaches  itself.  At  the  same  time,  the  6rBC,  or  prflBstomial 
s^rment,  atrc^^^iies,  and  the  aetigerom  hood  developed  from 
the  middle  segment  is  retroverted,  rapidly  grows,  and  gives 
rise  to  the  lobes  of  the  tnantle,  on  which  the  valves  of  the 
shell  are  developed. 

The  resemblance  of  the  larval  Brachiopod  to  a  Polyzo5n, 
and  especially  to  Jjoxosoma^  is  striking,  and  fully  bears  out 
the  conclusion  as  to  the  affinity  of  the  Polyzoa  with  the 
JBrachiopoda  which  results  from  the  study  of  their  adult 
structure.  On  the  other  hand,  the  development  of  the  JBra- 
chiopoda no  less  strongly  testifies  to  their  close  relations  with 
the  Worms.* 

In  the  course  of  the  previous  pages  the  terms  dorsal  and 
ventral  have  been  employed  in  the  sense  in  which  they  are 
conventionally  used  by  conch ologists.  But  an  interesting 
question,  and  one  not  easy  to  settle,  is.  What  relation  do  these 
dorsal  and  ventral  regions  of  a  Brachiopod  bear  to  the  neural 
and  haemal  regions  of  a  Polyzoon,  or  to  those  of  a  Lamelli- 
branch,  or  of  a  Gasteropod  ? 

If  we  compare  one  of  the  articulated  Brachiopods,  such  as 
Waldheimia^  in  its  shell,  with  a  polypide  of  a  Cbeilostoma- 
tous  Polyzoon  in  its  cell,  the  dorsal  valve  will  appear  to  an- 
swer to  the  operculum,  and  the  ventral  valve  to  the  cell.  If 
this  comparison  be  just,  the  two  lobes  of  the  mantle  of  the 
Brachiopod  must  both  belong  to  the  dorsal  or  haemal  aspect 
of  the  body  ;  that  which  corresponds  with  the  so-called  dor- 
sal valve  of  the  shell  being  the  anterior,  and  that  which  lines 

1  The  acceptance  of  the  view  originally  propounded  by  Steenstmp,  and  so 
ably  ur^ed  by  Prof.  Morse,  respecting  the  aihnities  of  the  Brachiopods  with 
the*Womis  ("  Proceedinjrs  of  Boston  Society  of  Natural  History."  1873),  does 
not  to  my  mind  weaken  the  opinion  I  have  always  held  as  to  tneir  ainnities 
with  the  Iblyzoa^  on  the  one  hand,  and  with  the  higher  Molluaea,  on  the  other. 
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the  ventral  valve  of  the  shell  being  the  posterior  lobe.  And 
the  region  of  the  anterior  wall  of  the  pallial  cavity  which  lies 
behind  or  below  the  mouth  will  answer  to  the  neural  aspect 
of  the  PolyzoOn. 

On  the  other  hand,  if  the  segments  of  the  body  of  the 
larval  Brachiopod  are  true  somites,  and  the  discoidal  surface 
of  the  hindermost  corresponds  with  the  similarly  formed  end 
of  the  larva  of  Lacinularia^  as  Prof.  Morse  suggests,  t^e 
dorsal  lobe  of  the  mantle  will,  as  before,  represent  part  of 
the  hsemal  surface  of  the  body,  but  the  veutral  lobe  will  be- 
long to  its  neural  surface — and  can  no  longer  properly  be 
termed  mantle,  but  will  rather  answer  to  the  foot  of  one  of 
the  higher  Mollusca. 

The  Brachiopoda  are  distinguishable  into  two  groups, 
the  Articulata  and  the  Inarticulata,  In  the  Articulata,  the 
two  valves  are  united  by  a  hinge,  and  the  ventral  valve  is 
usually  provided  with  teeth,  which  are  received  in  sockets 
of  the  dorsal  valve.  The  gullet  ascends  in  the  middle  line 
toward  the  dorsal  valve,  and  the  intestine  descends  toward  the 
opposite,  or  ventral,  valve,  and  there  ends  in  a  csecum.  The 
dorsal  valve  often  gives  rise  to  spiral  or  looped  shelly  pro- 
cesses to  which  the  arms  are  attached.  The  valves  are 
brought  together  by  a  pair  of  adductor  muscles,  which  pass 
directly  from  valve  to  valve ;  and  they  are  separated  by  di- 
varicator  muscles,  which  run  obliquely  from  the  ventral  valve 
to  a  median  process  (the  cardinal  process)  of  the  hinge-line 
of  the  dorsal  valve.  The  impressions  of  the  attachments  of 
these  muscles  on  the  inner  surfaces  of  the  valves  have  con- 
siderable systematic  importance.  Very  often  the  ventral 
valve  is  produced  into  a  sort  of  spout,  through  which  passes 
the  peduncle  by  which  the  animal  is  attached  to  rocks.  At 
the  sides  of  the  visceral  chamber  the  thickened  edge  of  the 
dorsal  lobe  of  the  mantle  passes  into  that  of  the  veutral  lobe. 

The  substance  of  the  shell  is  very  often  traversed  by 
numerous  cangtls  perpendicular  to  its  surface,  which  contain 
prolongations  of  the  mantle.' 

This  division  contains  the  families  of  (1)  The  Terebra- 
tulid(B,  (2)  the  SpiriferidoB,  (3)  the  EhynchonellidoB,  (4)  the 
OrthidtB^  and  (5)  the  JProductidce,  of  which  the  second,  fourth, 
and  fifth  are  extinct  and  almost  wholly  palaeozoic,  no  species 

»  The  struoture  of  the  shell  has  heen  particularly  studied  by  Carpenter. 
("Reports  of  the  British  Association,"  1844-'47,  and  Introduction  to  David- 
son's ^'  Fossil  Brachiopoda.")  See  also  King,  "  Traus.  Royal  Irish  Academy," 
loo  9. 
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extending  beyond  the  lias,  while  the  majority  of  the  species 
of  the  other  two  families  are  also  extinct. 

The  family  of  the  TerebratulidcBy  which  is  not  certainly 
known  to  occur  in  formations  older  than  the  Devonian,  is  the 
only  one  in  which,  since  the  end  of  the  palaeozoic  epoch, 
numerous  new  generic  types  appear.* 

The  Inarticulata  have  no  hinge ;  the  intestine  opens  into 
the  cavity  of  the  mantle,  the  margins  of  the  lobes  of  which 
are  completely  separate.  Some  have  a  long  peduncle  {Xtin- 
gula),  others  are  fixed  by  a  plug  which  passes  through  an 
aperture  or  notch  of  one  valve  (JDiscina),  or  by  the  surface 
of  one  valve  ( Crania).  There  is  no  brachial  skeleton,  and  the 
arrangement  of  the  muscles  is  in  many  respects  different 
from  that  which  obtains  in  the  articulated  division. 

Species  of  all  these  families,  except  the  SpiriferidcB^ 
OrthidcBy  and  Productidce^  exist  at  the  present  day,  but  they 
are  also  represented  in  the  older  palaeozoic  epochs,  and  Xm- 
guke  are  among  the  oldest  known  fossils.' 

The  Mollusca.  —  The  term  Molluaca  may  be  used  as 
a  convenient  denomination  for  the  Lamellibranchiata  and 
Odontophora  (=  Gasteropoda^  Pteropoda,  and  CepJialopoda'^ 
of  Cuvier),  which  can  be  readily  shown  to  be  modifications  of 
one  fundamental  plan  of  structure.  This  may  be  represented 
by  a  body,  symmetrical  in  relation  to  a  median  vertical  plane, 
at  one  end  of  which  is  the  oral  and  at  the  other  the  anal 
aperture  of  the  alimentary  canal.  In  the  body  a  ventral,  or 
neural^  face,  an  opposite  dorsal,  or  hoemal^  face,  and  a  right 
and  left  side  may  be  distinguished.  The  neural  face  usually 
gives  rise  to  a  muscular /bo^.  The  integument  of  the  haemal 
face  is  generally  produced  at  its  edg-es  into  a  free  fold,  and 
the  term  mantle,  ov  pallium^  is  applied  to  the  region  of  the 
integument  thus  circumscribed.  Between  the  free  portion  of 
the  mantle  and  the  rest  of  the  body  is  a  cavity,  the  pallial 
chamber,  from  the  walls  of  which,  processes  which  subserve 
respiration,  the  hranchioe^  may  be  developed. 

In  the  median  line  of  the  surface  of  the  mantle  of  the  em- 
brvo  a  shell-gland  is  very  generally  formed,  and  from  the 
surface  of  the  mantle  a  cuticular  secretion,  the  shelly  is  pro- 
duced. 

*  Suess,  **  Ueber  die  "Wohnsitze  der  Brachiopoden,"  ("  Sitzb.  d.  Wiener 
Akad.,"  1857.) 

9  See  Davidson's  "  Monojrraphs  of  British  Fossil  Brachiopoda,"  in  the  Pa- 
IsBontographical  Society's  publications. 
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A  systemic  heart  usually  exists,  and  when  present  is  situ- 
ated in  the  middle  of  the  posterior  haemal  region,  and  consists 
of,  at  fewest,  two  chambers,  an  auricle  and  a  ventricle.  Arte- 
rial vessels  often  ramify  extensively  through  the  body,  but 
more  or  fewer  of  the  venous  channels  remain  in  the  condition 
of  lacunae.  The  blood-corpuscles  are  colorless  and  nucleated. 
Distinct  respiratory  organs  may  be  absent,  or  they  may  take 
the  form  of  branchiae  or  pulmonary  sacs.  When  present,  they 
lie  in  the  course  of  the  blood  which  is  returning  to  the  heart. 
Beside  the  heart  and  the  intestine  are  situated  the  renal  or- 
gans, which,  on  the  one  side,  open  externally,  and  on  the 
other  communicate  with  the  blood  system. 

The  nervous  system  consists  of,  at  least,  one  pair  of  ganglia 
(cerebral)  at  the  sides,  or  on  the  haemal  aspect  of,  the  mouth, 
and  of  two  other  pairs  of  oesophageal  ganglia  (pedal  and 
pccrieto-splanchiiic).  The  latter  are  situated  at  the  sides,  or 
on  the  neural  aspect,  of  the  alimentary  canal,  and  are  con- 
nected by  commissures  with  the  former. 

In  the  majority  of  the  Molluaca^  the  embryo  passes  through 
a  stage  in  which  it  is  provided  with  bands  of  cilia  or  with  a 
simple,  bifid,  or  multifid  fold  of  the  integument  (velvm),  the 
edges  of  which  are  ciliated,  developed  on  the  haemal  aspect  of 
the  cephalic  region  of  the  body,  in  front  of  the  pallial  region. 

The  special  peculiarities  of  the  diflferent  groups  of  the 
Mbllusca  result  chiefly — 

1.  From  the  form  of  the  pallial  region,  and  the  extent  of 

the  mantel-lobes  relatively  to  the  body. 

2.  From  the  number  and  arrangement  of  the  pieces  of  the 

shell  to  which  the  mantle  gives  rise. 

3.  From  the  proportional  size  and  the  form  of  the  foot 

and  the  production,  or  non-production,  of  chitinous, 
or  shelly,  matter  by  it. 

4.  From  the  development  of  sense-organs  on  the  anterior 

end  of  the  body,  and  the  absence  or  presence  of  a 
distinguishable  head. 

5.  From  the  disproportionate  growth  of  the  haemal  region 

of  the  body  into  a  visceral  sac,  followed  by  a  cl\ange 
in  the  primitive  direction  of  the  intestine,  and  often 
accompanied  by  asymmetrical  lateral  distortion. 

Thb  Lamelltbranchiata.* — In  these  Mollusks  there  are 

»  For  a  description  of  the  anatomy  of  a  Lamellibranch  in  detail,  the  student 
is  referred  to  Huxlev  and  Martin,  ''Elementary  Biology,"  and  Rolleston, 
"  Forms  of  Animal  Life." 


406         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

always  two  large  pallial  lobes,  the  margins  of  which  are  de- 
void of  setae  ;  and  which  are  lateral,  or  right  and  left,  in  rela- 
tion to  the  median  plane.  Each  lobe  gives  rise  to  a  piece,  or 
vcUve,  of  the  shell ;  and  to  these,  accessory  pieces,  developed 
upon  the  median  haemal  face  {Pholas)  or  the  posterior  end  of 
the  mantle  {Teredo) y  are  in  some  cases  added;  or,  in  addition 
to  its  valves,  the  mantle  may  secrete  a  shelly  tube  {Teredo^ 
AspergiUum).  The  shell  itself  consists  of  superimposed 
lamellae  of  organic  matter,  hardened  by  the  deposit  of  calca- 
reous salts.  It  is  a  cuticular  excretion  from  the  surface  of  the 
mantle,  and  never  presents  any  cellular  structure.  But,  from 
the  disposition  of  its  lamellae,  and  from  the  manner  in  which 
the  calcareous  deposit  takes  place  in  them,  it  may  present 
varieties  of  structure  which  have  been  distinguished  as  nacre- 
ous, prismatic,  and  epidermic* 

The  two  valves  are  generally  united  over  the  median  line 
of  the  haemal  surface  of  the  body  by  an  uncalcified  chitinous 
cuticular  matter,  termed  the  ligament,  which  is  usually  very 
elastic,  and  is  so  disposed  that,  when  the  valves  are  closed,  it 
is  either  stretched  or  compressed.  In  either  case,  it  antago- 
nizes the  action  of  the  adductor  muscles,  and  divaricates  the 
valves  when  these  muscles  are  relaxed.  Conchologists  com- 
monly draw  a  distinction  between  an  internal  and  an  external 
ligament ;  but,  in  relation  to  the  body  of  the  animal,  all  liga- 
ments are  external,  and  their  internality  or  externality  is  in 
respect  of  the  hinge-line,  or  the  line  along  which  the  edges 
of  the  valves  meet.  In  symmetrical,  or  equivalve,  Lamelli- 
branchs,  each  valve  is  concave  internally  and  convex  exter- 
nally; it  has,  in  fact,  the  form  of  a  very  depressed  cone,  the 
apex  of  which,  termed  the  umbo,  is  incurved  and  is  situated 
on,  or  projects  beyond,  the  haemal,  or,  as  it  is  termed,  dorsal 
edge  of  the  valve.  Moreover,  it  is  usually  inclined  forward, 
and  situated  nearer  the  anterior  than  the  posterior  end  of  the 
valve.  Sometimes  the  umbonic  cone  is  prolonged  and  bent 
inward,  or  may  even  form  a  short  spiral  turn  {Jsocardia, 
Diceras),  so  that  the  valve  acquires  a  certain  resemblance  to 
the  ^ell  of  some  gasteropods.  As  the  shell  of  a  Lamellibranch 
increases  in  thickness  by  the  deposition  of  new  layers  on  the 
interior  face  of  the  old  ones,  and,  in  area,  by  the  extension  of 
the  new  layers  beyond  the  old  ones,  the  summit  of  the  umbo 
represents  the  original  shell  of  the  embryo,  and  the  outer  sur- 

»  See  Carpenter,  article  "  Shell,"  Todd's  '*  Cyolopaedia."     Huxley,  "  Tegu- 
mentary  Organs,"  ibid. 
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face  is  usually  marked  by  concentric  lines  of  growth,  which 
indicate  the  boundaries  of  the  successively  added  netr  layers 
of  shell-substance. 


Fio.  IIT.— SectionBt  dlseram  iirsrn>8l>-wttterMn»iifl  {Aaodtmla^.—A.  j1.  mantle,  the 
tight  labn  of  which  U  cnt  iiwHy;  Afoot;  C.  braactalal  chnmber  of  tha  nunlli^ 
CRvltr:  I),  unsl  cbaniber:  /.  anterior  addnctor  mnscls:  IT,  paslerior  adductor 
mnacle:  III.  retr«:lor  mneclfl  of  the  bot ;  a.  moath:  b.  etomsch:  c.  Inte^tln*, 
the  tnn»  of  which  nra  sap|>OBe'l  to  he  Keen  throDgb  tlw  aide  wan»  ol  the  meeo- 

nal  «il].  largely  cnt  Awst  DDd  tamed  \m^\k,  lahial  pflpl :'  /.  corebnl ;  m.  pedal: 
n.  parleta-BpltuKhnlc  gin^flla;  o,  aperlare  of  the  kidney  or  onjan  of  Bojaniu;  p, 
poiiardinm. 

The  applied  edges  of  the  two  valves  are  very  often  pro- 
duced into  elevations  and  depressions  which  interlock  with 
one  another.  The  form  and  arrangement  of  these  teeth  and 
sockets  are  of  much  use  in  systematic  conchology. 
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The  muscles  which  are'attached  to  the  valves,  viz.,  the  ad- 
ductors, retractors  of  the  loot,  and  paliial  muscles,  give  rise 
to  impressions  on  the  inner  faces  of  the  valves,  which  are 
very  obvious  when  the  latter  are  removed  and  cleaned.  >With 
the  growth  of  the  animal,  the  distance  of  these  impressions 
from  the  hinge-line  and  from  one  another  is  necessarily  in- 
creased, and  it  is  not  difficult  in  some  cases  (e.  g.,  Anodonta) 
to  trace  a  faint  triangular  mark,  which  has  its  base  in  each 
adductor  impression  and  its  apex  in  the  umbo,  and  which  in- 
dicates the  successive  shiftings  of  position  of  the  muscle. 

In  some  cases  (e.  g.,  Lima)  a  Lamellibranch  may  perform 
a  sort  of  aquatic  flight  by  the  flapping  of  the  valves  of  its 
shell. 

The  hard  and  sharp-edged  valves  of  the  shell  in  Teredo 
are  probably  the  agents  by  which  the  moUusk  carves  its  pas- 
sages through  the  wood  which  it  inhabits.  Whether  the 
valves  of  the  shell  of  the  Pholades  and  Saxicavce  are  the  in- 
struments by  which  they  excavate  their  burrows  in  hard  rock, 
or  whether,  as  has  been  suggested,  the  foot,  armed  with 
sand,  is  the  boring  instrument,  is  a  question  which  has  been 
much  discussed,  but  hardly  brought  to  a  satisfactory  decision. 

The  haemal  face  of  the  bod}^  is  either  flat  or  slightly 
arched,  whence,  in  side  view,  the  haemal  contour  is  either 
straight  or  convex.  In  most  Lamellibranchs  the  body  is 
symmetrical  in  relation  to  the  median  plane,  but,  in  those 
whicli  have  inequivalve  shells,  as  the  Scallop  {Pecten)  and 
the  Oyster  ( Ostrma)^  the  one  half  is  more  convex  than  the 
other.  No  Lamellibranch  has  a  distinct  head ;  but,  in  those 
which  possess  two  adductor  muscles  (e.  g.,  Anodonta)^  the 
region  in  which  the  anterior  adductor  lies  and  which  is  situ- 
ated in  front  of  the  mouth  may  be  distinguished  as  ihepro- 
soma^  from  the  middle  region  (mesosoma)  which  gives  rise  to 
the  foot  ;  while  the  part  which  lies  behind  the  foot  and  con- 
tains the  posterior  adductor  may  be  termed  the  metasoma. 

The  foot  may  be  rudimentary,  but  it  is  usually  large,  flex- 
ible, and  employed  as  an  organ  of  locomotion.  The  posterior 
face  of  the  foot  not  uncommonly  presents  a  gland  which  se- 
cretes a  chitinous,  or  shelly,  substance — the  byssns. 

From  the  sides  of  the  mesosoma,  close  to  the  attachment 
of  each  mantle-lobe,  the  branchiae  project  into  the  pallia) 
cavit}'. 

In  its  simplest  form,  the  branchia  of  a  Tjamellibranch  con-, 
sists  of  a  stem  fringed  by  a  double  series  of  filaments  (e.  g., 
N'ucvla).     The  next  degree  of  complication  arises  from  these 
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filaments  becoming  as  it  were  doubled  upon  themselves  at 
their  free  ends,  the  reflected  portions  lying  on  the  outer  side 
of  the  outer,  and  on  the  inner  side  of  the  inner,  series  of 
primary  filaments.  But  the  free,  or  haemal,  ends  of  the  re- 
flected filaments  contract  no  adhesion  either  with  the  mantle 
on  the  outer  side,  or  with  those  of  the  opposite  gill  on  the 
inner  side.  Delicate  bands  stretch  from  the  primary  to  the 
reflected  filaments  across  the  interspace  which  they  inclose 
{^Mytilus^  Pecten),  In  most  Lamellibranchs  the  gills  are 
four  elongated  plates,  each  of  which  is  in  fact  a  long  and 
narrow  pouch,  with  its  open  end  turned  toward  the  haemal 
face  of  the  body.  Two  pouches  are  situated  on  each  side  of 
the  mesosoma  ;  one  of  these  pouches  is  internal,  the  other 
external.*  Their  walls  are  united  by  transverse  septa ;  they 
are  richly  ciliated,  and  are  perforated  by  numerous  apertures. 
As  the  outer  wall  of  each  pouch  is  united  with  the  mantle, 
and  the  inner  with  its  fellow  of  the  opposite  side,  behind  the 
foot,  the  whole  branchial  apparatus  forms  a  sieve-like  parti- 
tion extended  between  the  mantle  and  the  foot  (Fig.  117), 
and  thus  divides  the  pallial  cavity  into  a  aupra-branchial 
and  an  infra-branchial  chamber.  Inasmuch  as  the  hseinal 
edge  of  the  inner  wall  of  each  inner  branchial  pouch  is,  for 
the  greater  part  of  its  extent,  not  united  with  the  mesosoma, 
but  only  closely  applied  against  the  latter,  the  supra-bran- 
chial and  infra-branchial  chambers  may  communicate  by  the 
cleft  thus  formed,  as  well  as  by  the  apertures  in  the  lamellar 
walls  of  the  branchial  pouches.  The  anterior  part  of  the 
supra-branchial  chamber  is  divided  into  a  right  and  left 
cavity  by  the  interposition  of  the  mesosoma,  on  the  sides  of 
which  the  apertures  of  the  renal  and  generative  organs  are 
situated.  The  products  of  these  organs  therefore  readily 
pass  into  these  right  and  left  cavities.  The  posterior  part  of 
the  supra-branchial  chamber,  into  which  these  two  lateral 
divisions  open,  contains  the  termination  of  the  rectum,  and 
receives  the  faeces,  as  well  as  the  urinary  and  generative  prod- 
ucts: it  is  therefore  a  sort  of  cloaca.  Its  external  opening  is 
usually  termed  the  anal  opening  of  the  mantle  cavity.  The 
margins  of  this  opening  may  be  produced  into  a  tube  which 
is  termed  the  anal  siphon.  In  front  of  the  anal,  or  rather 
cloacal,  opening,  the  margins  of  the  mantle  may  be  com- 
pletely disunited.     Very  frequently,  however,  they  are  con- 

»  The  external  gill-pouch  is  often  smaller  than  the  internal.    In  species  of 
lAkcina^  Gyifherea^  and  Tdlin^^  only  one  gill-pouch,  the  internal,  is  present. 

18 
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joined,  so  as  to  leave  only  an  opening  for  the  exit  of  the 
loot,  and  another  behind  this,  which  is  termed  the  branchial 
opening.  The  edges  of  this  aperture  may  be  prolonged  into 
a  tube,  which  is  termed  the  branchial  siphon.  When  a  La- 
mellibranch  is  in  its  natural  element  and  undisturbed,  the 
valves  of  the  shell  gape  sufficiently  to  allow  of  the  free  en- 
trance or  exit  of  water  to  or  from  the  pallial  cavity  ;  or,  when 
siphons  exist,  they  are  fully  protruded.  The  cilia  with  which 
the  branchiae  are  beset  work  in  such  a  manner  as  to  drive  the 
water  from  the  infra-branchial  chamber,  through  the  open- 
ings of  the  branchiae,  into  the  supra-branchial  chamber.  From 
hence  its  only  way  of  exit  is  by  the  cloaca  and  the  anal 
siphon,  when  the  latter  exists.  In  order  to  make  up  for  the 
water  thus  driven  out,  a  new  supply  of  water  enters  by  the 
interspace  between  the  lobes  of  the  mantle,  which  bound  the 
infra-branchial  chamber,  or  by  the  branchial  siphon.  These 
currents  may  readily  be  made  obvious  by  allowing  a  stream 
of  finely-divided  coloring  matter  to  pass  slowly  toward  the 
branchial  siphon  of  a  Lamellibranch.  It  will  be  seen  to  be 
swiftly  sucked  in,  and  after  a  very  short  time  a  colored  stream 
will  flow  out  of  the  anal  siphon.  The  same  agency  brings 
the  nutritive  matters  suspended  in  the  water  within  reach  of 
the  labial  palpi,  by  which  they  are  guided  to  the  mouth. 

Whatever  form  the  branchiae  may  possess,  they  are  sup- 
ported by  a  chitinous  skeleton,  in  the  form  of  a  partial  or 
complete  investment  to  the  transverse  branchial  vessels. 

The  mouth  is  bounded  by  lips,  the  angles  of  which  are 
usually  produced  on  each  side  into  two  labial  palpi.  Some- 
times the  lips  are  represented  by  a  circular  fold  produced  into 
numerous  tentacula  {Pecten),     There  are  no  organs  for  the 

f)rehension  or  mastication  of  food.  A  wide  and  short  gullet 
eads  into  a  stomach  surrounded  by  the  liver,  which  consists  of 
numerous  caeca  united  into  ducts  which  open  into  the  stom- 
ach. Very  generally  a  diverticulum  of  the  pyloric  end  of  the 
stomach  contains  a  transparent  rod-like  body — the  crystalline 
style. 

The  intestine  usually  makes  many  convolutions,  but,  finally 
reaching  the  middle  line  of  the  dorsal  region  of  the  body,  it 
terminates  by  the  anus  in  the  posterior  part  of  the  pallial 
chamber.  The  heart  lies  in  the  region  traversed  by  the  termi- 
nation of  the  intestine.  It  consists  of  an  auricle  and  a  ventri- 
cle, or  of  a  ventricle  and  two  auricles,  or  may  be  divided  into 
two  separate  auricles  and  ventricles  (Area).  Aortic  trunks 
distribute  the  colorless  blood  to  the  bodv,  whence  it  is  carried 
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to  a  large  median  venous  sinus;  from  this  it  passes  through  the 
walls  of  the  renal  organs  to  the  gills,  and  is  returned  from 
these  to  the  auricular  division  of  the  heart.*  Very  generally 
the  ventricle  invests  the  rectum,  but  in  Oatroea^  Teredo^  and 
Anomia,  the  ventricle  is  quite  detached  from  the  intestine. 

The  renal  organs,  or  organs  of  BojanuB^  are  usually  two 
in  number,  often  more  or  less  united  together,  of  a  dark  color, 
situated  beneath  and  behind  the  pericardium  and  in  front 
of  the  posterior  adductor  muscle,  extending  forward  on  each 
side  of  the  mesosoma,  and  traversed  by  such  numerous  blood- 
channels,  that  they  have  a  spongy  texture.  The  walls  of  the 
cavernous  blood-sinuses  are  lined  with  cells  which  secrete  the 
urinary  matters  from  the  blood.  These  take  the  form  of  cal- 
careous concretions,  containing  uric  acid.  The  gland  commu- 
nicates at  one  extremity  with  the  pericardium  ;  at  the  other, 
it  either  opens  directly  on  to  the  surface  of  the  body,  or  into 
a  vestibular  cavity  which  has  an  external  aperture. 

In  OatrcBa  and  Teredo  the  renal  organ  seems  to  be  present 
in  only  a  very  rudimentary  form.* 

The  mesodermal  region,  between  the  endoderm  and  the 
ectoderm,  is  for  the  most  part  occupied  by  vascular,  connec- 
tive, and  muscular  tissues,  and  by  the  reproductive  organs, 
so  that  there  is  no  large  perivisceral  space.  But  there  is — 
1.  The  large  median  sinus  already  mentioned,  which  receives 
the  blood  returned  from  all  parts  of  the  bod}',  and  is  com- 
monly termed  the  vena  cava.  2.  A  spacious  pericardial 
chamber  which  incloses  the  heart.  It  is  in  communication 
with  the  venous  system,  and,  consequently,  directly  or  in- 
directly, with  the  vena  cava.  3.  The  cavities  of  the  renal 
organs,  which  usually  freely  communicate  with  one  another, 
while  they  open  into  the  pericardium  on  the  one  hand,  and  on 
the  exterior  of  the  body  on  the  other.  4.  In  some  Lamelli- 
branchiata,  canals  open  on  the  exterior  of  the  body,  especially 
on  the  surface  of  the  foot.  In  this  way  the  blood-system  is 
placed  in  direct,  though  circuitous,  communication  with  the 
surrounding  water.  These  so-called  water-vessels  communi- 
cate internally  with  the  venous  system,  of  which,  indeed, 
they  seem  to  form  a  part.  It  is  probable  that  all  these  cavi- 
ties, taken  together,  represent  the  perivisceral  cavity,  pallial 
sinuses,  and  pseudo-hearts  of  a  Brachiopod. 

>  The  circulatory  orffans  of  the  fresh-water  Mussel  have  been  very  fully  de- 
scribed by  Langer.    ("  Denksohriften  der  Wiss.  Akademle, "  1855  and  1856.) 

3  See^  for  the  structure  of  the  renal  organs  and  many  other  points  connected 
with  the  anatomy  of  the  ZameUibranchicaa.  the  series  of  valuable  papers  of  La- 
caze-Duthiers.    (^^  Annaies  des  Sciences  Naturelles,"  1854  to  1861.) 
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Strong  bundles  of  muscular  fibres,  usually  unstriated,  pass 
transversely  from  one  valve  of  the  shell  to  the  other,  and 
bring  them  together ;   while  they  are  divaricated  by  the 


elastic  reaction  of  the  ligament.  Of  such  adductor  muscles 
there  may  be  either  one  or  two.  When  there  are  two  (2W- 
mf/aria),  the  anterior  adductor  lies  in  front,  aud  on  the  hae- 
mal side,  of  the  oesophagus;  while  the  posterior  adductor  lies 
in  front,  but  on  the  neural  side,  of  the  rectum.  Heuce  the 
alimentary  canal,  as  a  whole,  lies  between  those  two  muscles. 
When  onlv  one  adductor  muscle  exists  [Jifonomyaria],  it  is 
the  posterior. 

The  foot  ia  retracted  between  the  valves  of  the  shell  by 
two  or  three  pairs  of  retractor  muscles,  of  which  the  anterior 
and  posterior  pairs  are  usually  attached  to  the  shell,  close  to 
the  anterior  and  posterior  adductor  impressions.  The  pro- 
traction of  the  foot  appears  to  be  effected  by  the  compression 
of  the  blood  by  the  intrinsic  muscles  of  the  walls  of  the  meso- 
soma  and  of  the  foot  itself. 

Each  lobe  of  the  mantle  is  attached  to  the  corresponding 
valve  of  the  shell  by  a  series  of  muscular  fibres,  the  attaob- 
ments  of  which  give  rise  to  a  linear  impression,  which  runs 
from  one  adductor  to  the  other,  and  constitutes  the  paBial 
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line.  When  the  siphons  are  largely  developed  thej  have  re- 
tractor muscles,  the  insertions  of  which  are  so  disposed  as  to 
cause  the  posterior  part  of  the  pallial  line  to  be  more  or  less 
deeply  curved  or  angulated.  Hence  the  distinction  of  integro^ 
palliate  and  sinupaUiate  as  applied  to  Lamellibranchs  which 
have  the  pallial  line  evenly  rounded  or  notched. 

The  cerebral  ganglia  lie  at  the  sides  of  the  mouth,  and 
are  connected  by  a  commissure,  which  passes  in  front  of  it. 
They  give  branches  to  the  anterior  region  of  the  mantle,  to 
the  gills,  to  the  anterior  adductor  muscle,  to  the  labial  palpi, 
and  to  the  parts  about  the  mouth.  Th^ pedal  ganglia  are  situ- 
ated in  the  foot;  or  in  the  corresponding  region  on  the  neu- 
ral side  of  the  alimentary  canal,  when  no  foot  is  developed. 
Each  is  united  by  a  commissure  with  the  cerebral  ganglion  of 
the  same  side,  and  gives  off  branches  to  the  muscles  of  the 
foot.  The  parieto-splanchnic  ganglia  lie  on  the  neural  face 
of  the  posterior  adductor  muscle.  The  long  commissures  which 
unite  them  with  the  cerebral  ganglia  usually  traverse  the 
renal  organ,  and  lie  beneath  the  floor  of  the  pericardium. 
Each  of  these  ganglia  gives  off  a  nerve  to  the  branchia  of  its 
side,  and  supplies  the  posterior  and  middle  part  of  the  man- 
tle. This  posterior  pallial  nerve  may  anastomose  with  the 
anterior  pallial  nerve  from  the  cerebral  ganglion.  The  gan- 
glia also  furnish  nerves  to  the  posterior  adductor  muscle,  to 
the  heart,  to  the  rectum,  and  to  the  muscles  of  the  siphons, 
when  the  latter  are  present.  Eyes  are  never  developed  in  the 
cephalic  region  of  the  Lamellibranchs,  but,  in  many  (e.  g., 
Pecten)^  numerous  simple  eyes  terminate  papillse  of  the  mar- 
gins of  the  mantle.  Auditory  sacs  are  almost  invariablv  at- 
tached by  longer  or  shorter  peduncles  to  the  pedal  ganglia. 

The  LameUihranchiata  are  usually  dioecious,  but  some- 
times hermaphrodite '  (e.  g.,  Cyclas^  some  species  of  Cardium 
and  Pecten^  Ostroea^  Clavacella,  and  Pandora),  The  genera- 
tive org-ans  are  ramified  glands  of  simple  structure  and  simi- 
lar in  both  sexes,  the  ducts  of  which  open  into,  or  close  to, 
the  renal  organs. 

The  process  of  yelk-division  *  usually  gives  rise  to  smaller 

»  The  testes  and  ovaria  are  distinct  in  the  hermaphrodite  JPsctines.  In  Oar^ 
dium  serratwn,  adjacent  cseca  of  the  sexual  gland  contain  spermatozoa  or  ova, 
or  both  products  ma^  be  developed  in  the  same  caecum.  In  the  common  Oys-* 
ter  the  genital  cseca  m  any  given  individual  are  found  to  be  either  almost  all 
ovigerous  or  almost  all  spermigerous ;  and  it  appears  probable  that  the  pre- 
dominantly male  precedes  the  predominantly  female  condition.  See  Laoaze- 
Duthiers,  **  Organes  g^nitaux  des  Ao^phales  Lamellibranches."  ("  Annales 
des  Sciences  Naturelles"  1854.) 

*  See  Lov^n.  Arehivfur  NiUurgeechiehte^  1849.  De  Quatre&ges,  ^*  M^moires 
sur  I'Embryogenie  des  Tarets."   ("  Annales  des  Sciences  Naturelles,"  1849.) 
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and  larger  blastomeres,  of  which  the  former,  as  an  epiblast, 
invest  the  latter  as  a  hypoblast.  At  the  cephalic  end  of  the 
embryo  of  most  Lamellibranchs,  a  velum,  or  disk  with  richly 
ciliated  edges,  and,  usually,  a  central  tuft  of  longer  cilia,  is 
formed.  On  the  dorsal  face  of  the  embryo  the  integument 
rises  into  a  patch  with  raised  edges,  which  is  the  rudiment  of 
the  mantle.  The  separation  of  the  shell  into  two  valves, 
united  by  an  uncalcified  hinge,  must  probably  be  ascribed  to^ 
the  manner  in  which  the  calcareous  matter  subsequently 
added  to  the  shell  is  deposited.  The  foot  appears  as  a  median 
outgrowth  of  the  neural  face  of  the  embryo  behind  the 
mouth.  The  branchiae  have,  at  first,  the  form  of  separate  fila- 
mentous processes,  which  are  developed  from  the  roof  of  the 
anterior  part  of  the  pallial  cavity,  at  the  point  of  junction  of 
the  mantle  with  the  mesosoma,  and  gradually  increase  in 
number  from  before  backward.  In  those  Lamellibranchs 
which  have  pouchlike  gills,  it  appears  that  the  processes 
which  are  first  formed  become  the  outer  lamella  of  the  inner 
gill-plate,  their  free  ends  uniting  together ;  the  inner  lamella 
of  this  plate  is  produced  by  the  upgrowth  of  a  thin  lamina, 
which  subsequently  becomes  perforated,  from  the  united  ends 
of  these  processes.  The  inner  lamella  of  the  outer  gill  is 
formed  of  branchial  processes,  which  grow  out  from  the  at- 
tached ends  of  the  first  set ;  and  the  outer  lamella  of  this  gill 
is  produced  in  the  same  fashion  as  the  inner  lamella  of  the 
inner  gill.* 

Recent  observations  tend  to  show  that  in  these,  as  in 
other  Tnvertebrata,  the  nervous  ganglia  are  modified  in- 
growths of  the  epiblast. 

The  simplest  form  of  development  of  the  XamelUbranchi' 
ata  has  been  observed  in  Pisidium.^  By  the  process  of 
cleavage,  the  vitellus  is  divided  into  a  number  of  equal  blas- 
tomeres. The  morula  thus  formed  undergoes  invagination, 
and  is  converted  into  a  gastrula.  The  blastopore,  or  aperture 
of  invagination,  closes,  and  the  epiblast,  or  ectodermal  layer 
of  the  embryo,  growing  much  faster  than  the  hypoblast,  or  en- 
dodermal  layer,  the  latter  forms  a  small  shut  sac,  the  primi- 
tive alimentary  sac  (or  archenteron)  attached  to  one  point  of 
the  inner  surface  of  the  much  larger  ectodermal  sac.     The 

1  Lacaze-Duthiere,  "  Sur  le  d^veloppement  des  branchies  des  Mollusques 
ac^phales  Lamellibranches."    ("  Annales  des  Sciences  Naturelles,"  4,  iv.) 

»  Lankester,  "  On  the  Developmental  History  of  the  MoUusca."  ("  PhU. 
Trans.,"  1874.) 
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mesoblastic  cells  appear  to  be  derived  both  from  the  epiblast 
and  the  hypoblast. 

The  mouth  is  formed  by  a  depression  of  the  ectoderm  at 
the  anterior  end  of  the  body,  which  grows  toward  and  opens 
into  the  arohenteron.  The  anus  is  developed  at  the  opposite 
end,  in  the  region  of  the  primitive  invagination.  On  the 
neural  face  of  the  embryo  the  foot  grows  out,  while  the  mantle 
appears  on  the  opposite  face  ;  and,  in  the  centre  of  the  man- 
tle, a  transversely  oblong  depression  lined  by  elongated  cells 
is  the  "  shell  gland."  In  the  median  line  this  answers  to  the 
ligament,  and,  at  the  sides,  to  the  middle  region  of  the  future 
valves  of  the  shell ;  but  the  precise  share,  if  any,  which  it 
takes  in  the  formation  of  these  parts  does  not  appear.  IHsi- 
dhim  has  no  velum. 

The  development  of  one  of  the  fresh-water  Mussels  (Uhio 
pictorum)  has  recently  been  worked  out  very  fully  by  Rabl.* 
The  vi  tell  us  divides  into  two  unequal  masses,  of  which  the 
larger  is  termed  by  Rabl  the  "  vegetative  "  and  the  smaller 
the  "  animal"  cell — somewhat  inconvenient  names,  which  may 
be  replaced  by  ^*  macromere  ^'*  and  ^^  micromerey  Each  of 
these  becomes  subdivided,  partly  by  ordinary  fission,  partly, 
as  in  the  case  of  the  macromere,  by  a  process  of  budding,  into 
blastomeres,  of  which  those  which  proceed  from  the  macromere 
long  remain  larger  and  more  granular  than  those  which  pro- 
ceed from  the  micromere.  The  blastomeres  arrange  them- 
selves into  a  hollow  sphere — the  blastosphere.  This  is  a  vesic- 
ular morula,  composed  of  a  single  layer  of  blastomeres,  of 
which  those  of  one  hemisphere  have  proceeded  from  the  micro- 
mere,  and  those  of  the  other  from  the  macromere.  Two  blas- 
tomeres of  the  macromeral  hemisphere  remain  much  larger 
than  the  rest.  The  macromeral  hemisphere  next  undergoes 
invagination,  and  its  invaginated  part  becomes  the  hypoblast. 
The  two  large  blastomeres  just  mentioned,  which  are  disposed 
symmetrically,  one  on  each  side  of  the  median  plane  at  the 
anterior  margin  of  the  area  of  invagination,  become  inclosed 
between  the  hypoblast  and  the  epiblast,  and  by  their  division 
give  rise  to  the  mesoblast.  This  last,  therefore,  may  be  re- 
garded as  an  indirect  product  of  the  hypoblast. 

The  endodermal  sac  formed  by  the  hypoblast  now  loses  its 
connection  with  the  region  of  the  embryo  of  which  it  is  an 
invagination,  and  applies  itself  to  the  anterior  wall  of  the 
body,  where  an  involution  of  the  ectoderm,  which  gives  rise 

1  C.  Babl,  *•*■  Ueber  die  Entwiokelungsgesohiclite  der  MalermuBohel/'  Jena, 
1876. 
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to  the  oral  cavity,  takes  place.  The  greater  part  of  the  meso- 
blastio  cells  become  the  adductor  muscle,  which  is  at  first  sin- 
gle and  answers  to  the  posterior  adductor  of  the  adult.  There 
seems  to  be  no  shell  gland.  The  shell  appears  at  first  as  a 
membranous  cuticula,  continuous  from  side  to  side,  and  there- 
fore undivided  into  two  valves.  Subsequently  it  becomes 
calcified  and  bivalve.  The  byssus  gland  is  developed  as  an 
involution  of  the  octoderm  at  the  posterior  end  of  the  body; 
and  the  ventral  hemisphere,  or  that  opposite  the  shell,  be- 
comes divided  by  a  deep  median  fold  into  the  two  lobes  of  the 
mantle  on  which  the  characteristic  pencil-like  papillae  appear. 
In  front  of  the  rudimentary  mouth  are  two  ciliated  depres- 
sions of  the  ectoderm,  which  are  possibly  the  rudiments  of  the 
nervous  ganglia. 

In  Unio  and  Anodonta  the  young  are  hatched  in  the  outer 
gill  pouches  of  the  parent,  from  which  they  are  so  dissimilar 
that  they  were  at  one  time  considered  to  be  parasites  (  Glochi- 
diuni).  The  valves  of  the  shell  are  triangular,  and  have  in- 
curved and  serrated  apices,  by  the  helj)  of  which  the  larvae, 
after  they  leave  the  parent,  attach  themselves  to  fishes  and 
other  floating  bodies.  In  this  position  they  undergo  a  sort  of 
metamorphosis,  and  eventually  fall  off  and  sink  to  the  bottom 
as  minute  fresh -water  Mussels. 

On  comparing  the  Lamellibranchiata  with  the  Brachio- 
poda^  it  is  obvious  that  the  two  have,  in  common  with  one 
another  and  with  the  Annelida^  the  ciliated  or  veligerous 
larval  form.  If  the  shell  gland  is,  as  Mr.  Lankester  suggests, 
the  homologue  of  the  peduncular  gland  of  Loxosoma  and  of 
the  Brachiopod  larvae,  it  follows  that  the  peduncle  of  the 
Brachiopod  corresponds  with  the  centre  of  the  pallial  surface 
of  the  Lamellibranch,  and  that  the  so-called  dorsal  and  ven- 
tral lobes  of  the  mantle  in  the  Brachiopod  correspond  with 
the  anterior  and  posterior  halves  of  the  mantle  in  the  Lamel- 
libranch. The  Brachiopod  hinge  will  therefore  be  transverse 
to  the  axis  of  the  body,  while  the  Lamellibranch  hinge  is 
parallel  with  it.  If  this  comparison  be  just,  however,  the 
three  segments  of  the  Brachiopod  larva  cannot  answer  to  the 
segments  of  an  Annelid  larva,  but  the  two  posterior  seg- 
ments of  the  Brachiopod  larva  must  represent  an  outgrowth 
of  the  haemal  side  of  the  body ;  and  this  would  correspond 
very  well  with  the  arrangement  of  the  intestine  in  the  artic- 
ulated JBrachiopoda. 

In  the  simplest  forms  of  the  Lamellibranchiata^  as  Tri- 
gonia^  JsTucula^  and  Pecten^  the  mantle-lobes  are  almost,  or 
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completely,  disunited  from  one  another  and  from  the  branchise, 
and  the  latter  are  either  simple  plumes  or  have  undergone 
but  little  modification.  The  haemal  face  of  the  body  is  short 
relatively  to  its  vertical  height. 

In  most  Lamellibranchs  the  haemal  face  of  the  body  is 
longer ;  the  gills  are  lamellar,  and  the  mantle-lobes  are  united 
with  one  another  and  with  the  gills,  so  as  to  separate  a  supra- 
branchial  from  an  infra-branchial  chamber  (Anodonta),  In 
yet  others,  the  posterior  margins  of  the  mantle  are  produced 
backward  into  short  siphons^  but  the  mantle-lobes  remain 
separate  for  the  rest  of  their  extent  ( Cardium) ;  in  others, 
the  siphons  are  greatly  elongated  and  the  ventral  margins  of 
the  mantle-lobes  unite,  so  as  to  leave  only  a  small  median 
aperture  for  the  foot  {Pholaa).  In  the  most  modified  forms, 
the  body  becomes  more  and  more  elongated,  until,  in  Teredo^ 
it  is  completely  vermiform,  and  the  valves  of  the  shell  cover 
but  a  very  small  portion  of  the  body. 

The  foot  is  wanting  as  a  distinct  structure  in  Ostrcea/ 
while  in  Cardium  and  Trigonia  it  is  a  large  muscular  organ, 
by  the  aid  of  which  the  animal  is  able  to  leap  for  some  dis- 
tance. The  byssus  may  be  present  in  the  young  and  absent 
in  the  adult  (e.  g.,  Anodonta).  It  may  have  the  form  of  strong 
chitinous  filaments  {Mytilua)^  or  of  a  plate  of  homy  or  shelly 
texture  {Arca^  Anomia).  The  inequality  of  the  valves  at- 
tains its  maximum  in  the  Sippuritidce^  in  which  one  valve 
may  have  the  form  of  a  long  cylinder,  or  cone,  while  the  other 
is  a  flattened  plate. ^ 

The  shells  of  Lamellibranchs  are  among  the  most  abun- 
dant of  fossil  remains  in  all  epochs  of  the  world's  history.  In 
the  Palaeozoic  formations,  however,  the  proportion  of  these 
mollusks  relatively  to  the  Brachiopoda  is  the  reverse  of  what 
obtains  at  the  present  day,  the  latter  being  very  numerous, 
while  the  Liamellibrancha  are  comparatively  scanty.  The  in- 
tegropalliate  are  far  more  numerous  than  the  sinupalliate 
forms  in  the  older  rocks.  The  HippuritidoB  of  the  Cretaceous 
epoch  is  the  only  family  of  ancient  Lamellibranchs  which  is 
extinct  at  the  present  day,  and  the  only  one  which  diverges 
to  any  considerable  degree  from  existing  forms. 

The  Odontophora. — In  the  Mollusks  which  belong  to 
this  division,  the  mantle,  always  present  in  the  newly-hatched 
young,  may  abort  in  the  adult  condition.     It  is  never  divided 

'  For  an  excellent  account  of  the  I/imeU4branehiata  from  the  oonohological 
side,  He  Woodward's  "  Manual  of  the  Mollusca." 
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into  two  lobes,  though  it  may  be  slit  or  perforated  where 
it  forms  the  wall  of  the  branchial  chamber'  {MaliotiSy  Ma- 

sureUa). 

Very  generally,  the  prosoma  bears  tentacula  and  eyes ; 
and  a  distinct  head  being  thus  recognizable,  these  MoUusks 
have  been  named  CephcUophora^  in  contradistinction  to  the 
acephalous  Lamellibranchs  and  Brachiopods. 

The  mantle  commonly  gives  rise  to  a  shell,  which  may 
either  be  a  more  or  less  calcified  cuticular  product  of  the  epi- 
dermis, covering  the  outer  surface  of  the  mantle,  when  it 
constitutes  an  external  shell,  as  in  the  Lamdlibranchiata 
and  Brachiopoda;  or  it  may  be  developed  within  a  sac  in 
the  interior  of  the  mantle,  as  an  internal  shell.  In  neither  of 
these  cases  is  it  ever  a  bivalve  shell  divided  into  two  lateral 
portions/  Usually  it  is  in  one  piece  (univalve),  but  in  one 
group,  the  GhitonidoBy  it  consists  of  a  number  of  pieces  (not 
exceeding  eight),  arranged  in  longitudinal  series  along  the 
middle  line. 

Calcareous  matter  is  very  commonly  diffused,  in  the  form 
of  granules,  through  the  connective  tissue,  and  often  takes 
the  form  of  spicula  (e.  g.,  Doris). 

The  mesosoma  is  generally  prolonged  into  a  muscular  foot, 
which  may  be  provided  with  lateral  appendages,  the  epipodia» 
And,  on  the  haamal  aspect  of  the  posterior  portion  of  the  foot, 
a  chitinous  or  shelly  plate,  termed  the  operctdum,  may  be 
developed.  This  operculum  appears  to  be  the  analogue,  if 
not  the  homologue,  of  the  byssus  of  the  Lamellibranchs,  and 
is  certainly  not  homologous  with  either  of  the  valves  of  the 
shell  of  the  latter,  which  are  pallial  structures.  The  edge  of 
the  mantle  forms  a  free  fold  which  nearly  or  entirely  sur- 
rounds the  mesosoma;  and  in  one  genus,  DentcUium^  the 
margins  of  the  mantle  unite  for  the  greater  part  of  their 
length :  in  all  the  rest  they  remain  free.  A  space  is  inclosed 
between  the  lobes  of  the  mantle  and  the  mesosoma.  Usually 
this  space  is  much  larger  on  one  face  of  the  body,  and  con- 
stitutes the  pallial  chamber.  As  a  rule,  the  branchiae  are 
lodged  in  this  chamber,  and  the  anus  opens  into  it. 

In  a  very  few  Odontophora^  the  symmetry  of  the  body  is 
undisturbed ;  that  is  to  say,  the  mouth  and  the  anus  are  situ- 
ated at  opposite  ends  of  the  axis  of  the  body,  and  the  haemal 

*  The  singular  bivalve  plates,  tenned  Aptychua^^  which  occur  in  the  AmmO' 
nUidoi,  whatever  their  nature  may  be,  are  obviously  not  homolofj^ous  with  the 
shell  of  ordinary  Molluaks,  which  is  represented  by  the  chambered  shell  of 
the  oephalopod. 
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face  is  not  produced  iuto  a  visceral  sac  (e.  g.,  Chiton^  Dentor 
Hum).  But,  in  the  great  majority,  such  a  visceral  sac  is 
formed.  In  the  Cephalopoda  it  coexists  with  bilateral  sym- 
metry, inasmuch  as  the  mantle  and  the  anus  lie  in  the  plane 
which  divides  the  body  into  two  similar  halves.  But,  in  most 
Odontophora^  the  anus  is  twisted  to  one  side  (usually  the 
right),  and  in  many  it  is  situated,  together  with  the  pallial 
chamber  in  which  it  is  contained,  on  the  anterior  face  of  the 
body. 

The  mouth  lies  at  the  anterior  end  of  the  body,  on  the 
haemal  side  of  the  anterior  part  of  the  foot  (except  in  the 
Cephalopoda).  It  may  be  provided  with  variously-disposed 
jaws,  or  cutting-plates,  of  a  chitinous  or  calciBed  substance. 
But  the  structure  which  is  most  characteristic  of  the  Odon- 
tophora^  and  which  is  absent  in  only  very  few  genera  (e.  g., 
Tethya,  Doridium^  Jihodope)^  is  a  peculiar  rasping  and  some- 
times prehensile  apparatus,  the  odontophore^  or,  as  it  is  often 
termed,  the  tongue,  which  is  attached  to  the  floor  of  the  mouth 
(Figs.  119,120). 

This  apparatus  consists  of  a  skeleton ;  of  a  subradular 
membrane^  which  is  continuous  with  the  lining  of  the  oral 
cavity ;  of  the  radvla ;  and  of  intrinsic  and  extrinsic  mus- 
cles. 

The  skeleton  is  composed  of  two  principal  masses  of  par- 
tially fibrous,  or  completely  cartilaginous,  tissue  (odonto- 
phoral  cartilages)^  which  may  be  more  or  less  confluent,  and 
are  further  united  together  in  the  middle  line  by  fibrous  and 
muscular  tissue.  Their  anterior  ends  and  oral  faces  are  free 
and  smooth,  and  are  usually  excavated  so  as  to  present  a 
trough-like  surface  to  the  subradular  membrane,  which  rests 
upon  them.  Accessory  cartilages  may  be  added  to  these. 
Behind,  the  subradular  membrane  is  continued  into  a  longer 
or  shorter  sac,  lined  by  a  continuation  of  the  buccal  epithe- 
lium. The  radula  is  a  cuticular  chitinous  product  of  the 
epithelium  of  the  subradular  membrane.  It  is  armed  with 
tooth-like  processes  arranged  in  one  or  many  series ;  and  ad- 
ditions are  constantly  being  made  to  its  posterior  end,  which 
is  lodged  in  the  sac  of  the  subradular  membrane.  Thus  the 
teeth  are  replaced  from  behind,  as  fast  as  they  are  worn  away 
by  friction  against  the  food  which  they  rasp,  at  the  anterior 
end  of  the  ribbon. 

The  intrinsic  muscles  of  the  odontophore  are  attached,  on 
the  one  hand,  to  the  posterior  and  under  faces  of  the  odonto- 
phoral  cartilages,  and,  on  the  other,  to  the  subradular  mem- 
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brane,  some  bein^  inserted  into  ils  posterior  and  lateial  por- 
tions, and  others  into  its  anterior  extremity,  after  it  has 
turned  over  tbe  anterior  eitremities  of  the  principal  cartiUgea, 


Its.  119.— flwjcinuni  Hndafani.— A,  rsdnla.    B,  oneorihetransTerse  rows  of 
a,  anterior,*,  nosteriorend  ;  (,  central, i,  iBteralleBth.   (Ader Woodward, ' 


Ld  the  tnth  of  ibe  Hgbt  biU 

---_.  ._ „.  .™._.   „,  „,r,wi.,  ^_,i,™,.,  „>,erowof  teethor  Ihe  radnli. 

(Woodward,  ibid.) 

Certain  of  the  muscular  bundles  are  also  attached  to  the  fore- 
part of  the  odontophoral  cartilages  themselves.  The  con- 
traction of  these  muscles  must  tend  to  cause  the  Bubradular 
membrane,  and  with  it  the  radula,  to  travel  backward  and 
forward  over  the  ends  of  the  cartilages  in  the  fashion  of  a 
chain-saw,  and  thus  to  rasp  any  body  against  which  the  teeth 
may  be  applied.  When  undisturbed,  the  radula  is  concave 
from  side  to  side,  and  the  teeth  of  the  lateral  series,  being 
perpendicular  to  the  surface  to  which  they  are  attached,  are 
inclined  inward  toward  one  another.  But  when  the  intrinsic 
muscles  come  into  action,  the  radula,  as  it  passes  over  the 
ends  of  the  cartilages,  becomes  flattened,  and  the  lateral  teeth 
are  consequently  erected  or  divaricated.  The  extrinsic  mus- 
cles pass  from  the  odontophore  to  the  lateral  walla  of  the 
bead,  and  protract  or  retract  the  whole  apparatus.    They 
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may  give  the  protruded  extremity  of  the  radula  a  licking  mo- 
tion, which  is  quite  independent  of  the  chain-saw  action  due 
to  the  intrinsic  muscles/ 

The  odontophore  is  developed  very  early,  and  it  would  be 
interesting  to  know  whether  it  exists  in  the  j'oung  of  those 
few  OdorUophora  in  which  it  is  wanting  in  the  adult  state. 

Salivary  glands  are  very  generally  present  in  the  Odonto- 
phora^  and  the  liver  is  usually  large. 

As  in  the  MoUusca  in  general,  the  blood-corpuscles  are 
colorless  and  nucleated.  The  blood  plasma  is  red  in  Pla- 
norbis. 

The  heart  may  be  wanting  {Dentalium),  or  it  may  resemble 
that  of  the  Lamellibranchs  in  having  two  auricles  ( Chiton^ 
Sdliotis),  and  even  in  being  perforated  by  the  rectum  (Ha- 
liotisy  Turho^  Nerlta) ;  most  commonly  it  consists  of  a  single 
auricle  and  a  single  ventricle.  In  the  Cephalopods,  it  is  hard 
to  say  whether  the  two  or  four  branchio-cardiac  trunks  which 
open  into  the  ventricle  should  be  regarded  as  veins  or  as 
auricles.  An  accessory  "  portal "  heart  has  been  described 
in  Doris.*  Special  respiratory  organs  may  be  wanting,  their 
place  being  taken  by  processes  of  the  body,  or  by  the  walls 
of  the  mantle  cavity,  or  by  the  general  surface. 

The  branchiae,  when  present,  are  numerous  lamellar  pro- 
cesses, or  from  one  to  four  plume-like  gills.  Aerial  respira- 
tion is  effected  by  the  walls  of  a  pulmonary  sac,  which  is  a 
modification  of  the  pallial  cavity. 

The  presence  of  renal  organs,  in  the  form  of  one  or  more 
sacs  situated  close  to  the  heart,  open  to  the  exterior  on  one 
side,  and,  on  the  other,  in  relation,  usually  by  means  of  a 
glandular  structure,  with  the  returning  current  of  blood,  is 
very  general ;  and,  in  many  cases,  these  renal  sacs  communi- 

» In  my  memoir  "  On  the  Morphology  of  the  Cephalous  Mollusoa  "  ("  Phil. 
Trans.,"  1852)  I  described  the  chain-saw  action  of  the  odontophore,  as  I  ob- 
served it  in  the  transparent  Mroloidea  and  ^^^7»^a,  while  living.  But,  as  Tro- 
sohel  has  remarked  in  his  excellent  monograph  ("  Das  Gebiss  derSchneoken," 
erste  Lieferung,  pp.  19,  20^  1856  )j  I  did  not  sufficiently  dwell  on  the  frequency 
and  importance  of  the  licking  action  produced  by  the  extrinsic  muscles.  I  am 
still  of  opinion,  however,  that  this  action  cannot  be  rightly  described  as  a 
movement  of  the  j^dula  following  secondarily  upon  that  of  the*  cartilages,  inas- 
much as  it  is  a  motion  of  the  whole  odontophore.  On  the  other  hand,  it  may 
be,  as  has  been  suggested  to  me  by  Mr.  Geddes — who  at  my  suggestion  has 
undertaken  a  reSxamination  of  the  structure  of  the  odontophore — that  the  flex- 
ure of  the  anterior  ends  of  the  odontophoral  cartilages,  by  the  intrinsic  mus- 
cles inserted  into  them,  plays  an  important  part  in  tHe  motion  of  the  radula. 

»  In  Dolium  the  salivary  secretion  contains  free  sulphuric  acid. 

»  Hancock  and  Embleton,  "  On  the  Anatomy  of  Doris."  ("  Phil.  Trana.," 
1862.) 
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cate  directly  with  the  blood  sinuses  through  the  periGardium, 
In  many  Pteropods  and  Heteropods  they  are  rhythmically 
contractile. 

As  in  the  LameUibranchiata^  so  in  many  Odontophora, 
simple  or  branched  canals  traverse  the  substance  of  the  foot 
and  open  externally  by  a  more  or  less  conspicuous  pore,  which 
is  usually  situated  upon  its  inferior  face.  These  dquiferoua 
canals^  as  they  have  been  termed,  appear,  in  many  cases,  to 
open  by  their  inner  ends  into  the  blood  sinuses,  and  thus  to 
establish  a  direct  communication  between  the  blood  and  the 
surrounding  water.  In  species  of  Pyrula^  Agassiz  found  that 
colored  fluids  injected  into  the  pore  passed  into  and  filled  the 
blood-vessels  generally.  But  it  may  be  doubted  whether 
these  canals  should  be  regarded  as  a  special  system  of  ves- 
sels, rather  than  as  blood  sinuses  which  open  externally. 

The  arrangement  of  the  centres  of  the  nervous  system  in 
Dentalium  *  most  nearly  approaches  that  which  exists  in  the 
JJameUibranchiobta.  Two  cerebral  ganglia  lie  close  together 
on  the  haemal  side  of  the  cesophagus.  A  long  commissural 
cord  connects  each  of  them  with  one  of  the  pedal  ganglia, 
which  are  also  closely  united.  A  second  long  commissure 
passes  backward  from  the  cerebral  ganglia,  and  often  presents 
a  ganglionic  enlargement  at  its  origin.  It  unites  with  one  of 
two  ganglia,  situated  close  to  the  anus,  and  connected,  in 
front  of  it,  by  a  rather  long  transverse  commissure.  The 
nerves  distributed  to  the  posterior  half  of  the  mantle  are 
given  off  from  these  ganglia,  and  those  to  its  middle  region 
from  the  anterior  end  of  the  commissure  or  its  ganglionic  en- 
largement. There  seems  no  reason  to  doubt  that  the  ganglia 
close  to  the  anus,  together  with  the  ganglionic  enlargements 
at  the  anterior  ends  of  the  commissures  which  connect  them 
with  the  cerebral  ganglia,  correspond  with  the  parieto- 
splanchnic  ganglia  of  the  Lameilibranchs,  and  that  the  cere- 
bral and  pedal  ganglia  are  the  homologues  of  those  so  named 
in  the  latter  MoUusks. 

In  addition  to  this  approximation  of  part  of  the  gangli- 
onic mass  of  the  parieto-splanchnic  system  to  the  cerebral 
ganglia,  Dentalium  differs  from  the  Lameilibranchs  and  re- 
sembles other  Odontophoray  in  the  possession  of  a  system  of 
buccal  nerves,  which  arise  from  the  cerebral  ganglia,  and  in 
which  minute  ganglia  are  developed.     The  nerves  which  pro- 

1  See  Lacaze-Duthiers,  "  Organisation  du  Dentale.*' 
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ceed  from  the  buccal  ganglia  are  distributed  to  the  odonto- 
phore  and  its  muscles. 

In  other  Odontophora^  the  two  cerebral  and  two  pedal 
ganglia,  with  their  commissures,  are  always  to  be  recognized  ; 
but  the  number  of  the  ganglia  which  represent  the  parieto- 
splanchnic  system  may  be  increased,  and  the  anterior  ganglia 
of  this  system  may  attain  a  large  size,  and  may  come  into 
close  relation  not  only  with  the  cerebral  but  with  the  pedal 
ganglia. 

In  X/ymncBus  pahistris^^  for  example,  there  are  five  such 
ganglia  situated  close  to  the  cerebro-pedal  ring.  The  most 
anterior  of  these,  on  each  side,  is  united  with  both  the  cere- 
bral and  the  pedal  ganglion  of  its  side,  and  appears,  indeed, 
like  an  enlargement  upon  a  second  commissure  between  those 
two  ganglia.  The  ganglia  which  constitute  the  second  pair 
are  united,  in  front,  by  a  short  commissure,  with  the  preced- 
ing; and,  behind,  with  the  fifth  or  azygos  ganglion.  The 
second  pair  of  ganglia  give  off  the  nerves  to  the  right  and 
left  sides  of  the  mantle  respectively. 

In  lAmax^  and  apparently  in  the  terrestrial  Pulmonata 
generally,  the  arrangement  is  essentially  the  same,  except 
that  all  the  ganglia  of  the  parieto- splanchnic  system  coalesce 
into  one  mass,  between  which  and  the  pedal  ganglia  the  aorta 
passes. 

In  Haliotis^  on  the  other  hand,  while  the  anterior  parieto- 
splanchnic  ganglia  are  situated  close  to  the  pedal  ganglia, 
and  are  connected  with  them  and  with  the  cerebral  ganglia 
in  such  a  manner  as  to  give  rise  to  an  apparent  second  cere- 
bro-pedal commissure,  the  ganglia  which  represent  the  second 
pair  in  lAfmnoms  are  situated  at  the  base  of  the  branchiae, 
and  are  united  by  a  long  commissure  with  one  another,  and 
also  with  the  anterior  parieto-splanchnio  ganglia.  Of  the 
latter  commissures,  that  from  the  left  branch io-pallial  gan- 
glion goes  to  the  right  anterior  parieto-splanchnic  ganglion, 
and  mce  versd. 

With  respect  to  the  position  of  the  cerebral  and  pedal 
ganglia  in  the  Oclontophora^  the  commonest  arrangement  is 
that  in  which  the  cerebral  ganglia  are  supra-oesophageal,  and 
are  connected  by  two  longer  or  shorter  commissures,  on  each 

»  Compare  Lacaze-Duthiers,  *'  Du  systeme  nerveux  des  MoUusques  gas- 
t^ropodes  pulmonis  aquatiques  "  ("  Arch,  de  Zoologie,"  1872),  and  the  numer- 
ous figuren  of  the  arrangement  of  the  cerebral  ganglia  of  the  nervous  system 
given  in  his  memoir  on  the  otocvsts.    (Ibid.) 

"  8ee  Lacaze-Duthiers,  "  Sur  le  systeme  nerveux  de  Haliotide." 
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side,  with  the  pedal  and  anterior  parieto-splanchnic  ganglia, 
both  of  which  are  infra-  or  post-oesophageal.  But  in  many 
cases  (most  Nudibranchiatd)  the  pedal  and  parieto-splanch- 
nic ganglia  are  approximated  to  the  cerebral  ganglia  (the 
latter  being  supra-oesophageal),  and  are  united  by  long  sub- 
oesophageal  commissures.  In  others,  as  in  most  Pteropoda^ 
the  pedal  and  parieto-splanchnic  ganglia  are  sub-oesophageal ; 
while  the  cerebral  ganglia,  brought  close  to  them,  are  united 
by  a  supra-cesophageal  commissure. 

Accessory  ganglia  are  frequently  developed  in  the  region 
of  the  heart  and  branchiae,  on  the  nerves  of  the  parieto- 
splanchnic  system. 

A  complicated  system  of  visceral  nerves  is  distributed 
over  the  whole  length  of  the  alimentary  canal,  the  genital 
organs,  and  various  parts  of  the  vascular  system,  in  many 
Odontophora} 

Two  auditory  vesicles  usually  exist,  and  very  generally  ap- 
pear to  be  sessile  upon  the  pedal  ganglia.  In  the  Seteropoda, 
in  many  Nudibranchiata^  as  shown  by  Hancock,  and  in  nu- 
merous genera  of  Sranchio-  and  Pulmo-g aster opoda^  which 
have  been  carefully  examined  by  Lacaze-Duthiers,^  however, 
there  seems  to  be  no  doubt  that  the  auditory  nerves  arise 
from  the  cerebral  ganglia,  even  though  the  vesicles  may  be 
situated  close  to  the  pedal  ganglia. 

Olfactory  organs  certainly  exist  in  the  Cephalopoda  in 
the  form  of  saccular  involutions  of  the  integument  near  the 
eyes ;  and  it  is  very  probable  that  the  integument  of  the  ten- 
tacula,  or  of  the  lips,  may  subserve  the  same  function  in  the 
Gasteropods. 

Eyes  are  generally  present,  and  are  limited  to  two,  situ- 
ated in  the  head.  They  resemble  the  vertebrate  eye  in  struct- 
ure, so  far  as  they  possess  a  concave  retinal  expansion,  and 
usually,  in  front  of  this,  a  vitreous  humor,  lens,  and  cornea. 

»  See  especially  Hancock  and  Embleton,  "  The  Anatomy  of  Doris."  ("  Phil. 
Trans.,"  1852.) 

^  "  Otocystes  des  MoUnsques."  ("Archives  de  Zoologie  ExpMmentale," 
1872.)    In  the  memoir  the  origin  of  the  acoustic  nerves  from  the  cerebral 


Nassa^  Trochus.  Murex^  Oassidaria,  Ihirpvra,  PcUeUa^  HalioUs^  PhiUne^  ^pkv- 
sia^  Lamellaria)^  that  there  is  a  large  oasis  for  the  generalization  that  this 
mode  of  origin  is  universal.  Moreover,  according^  to  Lacaze-Duthiers,  the 
same  law  holds  good  ifor  the  Cephalopoda.  Such  being  the  case,  the  question 
suggests  itself  whether  the  connection  of  the  nerves  of  the  otocysts  with  the 
pedal  ganglia,  which  obtains  universally  among  the  Lamellibranchs,  indicates 
their  real  or  only  their  apparent  origin. 
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• 

But  they  differ  from  the  eyes  of  Vertebrataj  and  resemble 
those  of  other  invertebrated  animals,  in  that  the  structures 
which  answer  to  the  rods  and  cones  are  situated  on  that  face 
of  the  retina  which  is  turned  toward  the  light,  while  the  fibres 
of  the  optic  nerve  traverse  the  pigment  layer  to  reach  them. 

The  reproductive  organs  of  the  Odontophora  present  very 
great  diversities  of  structure.  They  may  be  either  dioecious 
or  monoecious,  and  each  type  of  reproductive  organs  may  pre- 
sent various  degrees  of  complexity.  Of  the  dioecious  repro- 
ductive organs  there  are  two  chief  forms  :  the  one  in  which 
the  duct  of  the  ovarium  or  testis  is  continuous  with  the  gland; 
and  the  other  in  which  the  duct  opens  into  a  sac,  into  which 
the  ova  or  spermatozoa  are  set  free  by  the  dehiscence  of  the 
follicles  in  which  they  are  developed.  The  latter  arrange- 
ment is  met  with  in  the  Cephalopoda;  the  former  appears 
to  prevail  among  all  the  other  dioecious  Odontophora. 

In  these,  the  racemose  generative  gland  is  usually  situ- 
ated close  to  the  liver.  In  the  female,  the  oviduct  ordinarily 
presents  a  uterine  dilatation  toward  its  termination,  which  is 
generally  situated  in  the  pallial  cavity  on  the  right  side  of 
the  body.  In  some  rare  cases  {Paludinay  Neritina)^  a  dila- 
tation or  a  special  vesicular  appendage  of  the  uterus  may 
serve  as  a  vesicula  seminalis ;  and  in  Paludina^  according 
to  Leydig,  an  albumen-gland  opens  into  it. 

A  penis  is  not  always  present.  When  it  exists,  it  is  a 
muscular  process  of  the  mesosoma,  to  which  the  semen  may 
be  led  from  the  opening  of  the  vas  deferens  by  a  groove ;  or 
it  may  be  traversed  by  the  vas  deferens  which  opens  near,  or 
at,  its  apex. 

In  all  the  monoecious  Odontophora  which  have  as  yet  been 
thoroughly  examined,  there  is  a  generative  gland  termed  the 
ovotestis,  in  which  both  spermatozoa  and  ova  are  produced. 
Only  in  the  anomalous  genus  Rhodope  (Kolliker)  are  the 
spermatozoa  and  ova  formed  in  distinct  caeca ;  in  all  the  rest, 
each  caecum  is  hermaphrodite,  the  spermatozoa  and  the  ova 
being  usually  developed  in  different  parts  of  the  caecum.  The 
duct  of  the  ovotestis  may  remain  single  to  its  termination  at 
the  genital  aperture,  or  become  only  incompletely  divided 
into  two  semicanals  {JPteropoda,  Pleurophyllidia^  Umbrella^ 
Aplysia)  ;  or  it  may  become,  at  first  partially,  and  then  com- 
pletely, divided  into  an  oviduct  and  a  vas  deferens  (Nudi' 
branchiata^  PUurohranchia^  Pulmonatd), 

In  the  former  case  there  is  but  one  genital  aperture.  The 
common  duct  usually  receives  the  secretion  of  a  uterine  gland 
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which  may  take  the  form  of  a  special*  albumen  gland,  and  a 
spermatheca  opens  into  it  near  its  outer  extremity ;  while,  on 
the  male  side,  a  vesicula  seminalis  and  an  eversible  penis 
may  be  added.  The  penis,  however,  may  be  distant  from  the 
genital  opening,  and  then  a  groove  on  the  side  of  the  body 
leads  to  it  (Apli/sia),  In  the  latter  case  there  are  two  geni- 
tal apertures,  one  for  the  male  and  one  for  the  female  organs, 
though  they  may  open  into  a  common  vestibule.  The  penis 
is  an  eversible  involution  of  the  integument,  on  which  the  vas 
deferens  opens.  A  prostate  gland  is  usually  connected  with 
the  latter,  and,  near  its  opening,  there  may  be  a  saccular  ap- 
pendage, in  which  a  hard  pointed  body,  the  spiculum  amoriSy 
is  contained  {DoriSy  SelicidoB),  An  albumen-gland  opens 
into  the  uterus,  and  a  spermatheca  is  connected  with  the 
vagina. 

Spermatophores,  by  the  aid  of  which  the  spermatozoa  are 
transferred  into  the  female  organs,  occur  in  the  Cephalopoda^ 
and  in  the  Pulfnonata,  In  the  latter  they  are  grooved  bands, 
or  incomplete  tubes  of  hardened  mucus  secreted  by  the  penis, 
which  become  filled  with  spermatozoa  during  copulation; 
while,  in  the  former,  they  are  closed  cases  which  may  have  a 
very  complex  structure. 

In  the  great  majority  of  the  Odontophora  the  young 
leaves  the  egg  as  a  veliger,  very  similar  to  that  of  the  Larnd- 
Ubranehiata.  The  velum  usually  becomes  bilobed,  and  some- 
times {Heteropoda)  its  margins  are  produced  into  many  ten- 
taculiform  processes ;  and,  in  all  Pteropoda  and  Branjchio- 
gasteropoda^  whether  the  adult  possess  a  mantle  and  a  shell 
or  not,  the  larva  is  provided  with  both,  the  shell  being  at  first 
a  simple  conical  symmetrical  cap,  developed  in  the  middle  line 
of  the  mantle.  The  eyes  make  their  appearance  behind  the 
velum,  and  the  tentacles  in  front  of  or  upon  it. 

While  the  course  of  the  development  of  the  embryo  in 
the  Odontophora  presents  a  general  uniformity,  there  are 
wide  differences  in  detail. 

In  Paludina^  the  blastomeres  produced  by  yelk-division 
are  of  equal  size.  They  arrange  themselves  into  a  vesicular 
morula,  which  undergoes  invagination  and  becomes  a  gas- 
trula  of  the  simplest  type.  The  aperture  of  invagination 
(blastopore)  becomes  the  anus,  while  the  mouth  is  formed 
by  an  involution  of  the  ectoderm  of  the  anterior  end  of  the 

»  Lankester,  "  On  the  Coinddenoe  of  the  Blastopore  and  Anus  in  MMdma 
vivipara."    (  Quarterly  Journal  of  Mieroacopical  Scimce^  1876.) 
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body,  which  extends  toward  and  eventually  opens  into  the 
blind  end  of  the  archenteron  or  primitive  alimentary  sac.  A 
ciliated  velum  is  developed  on  the  haemal  side  of  the  mouth, 
and  a  "  shell  gland  "  appears  in  the  centre  of  the  area  which 
gives  rise  to  the  mantle. 

In  Lymnmus^  also,  cleavage  ends  in  the  production  of 
blastomeres  of  equal  size,  whether  with  or  without  a  transi- 
tory stage  of  inequality,  and  the  vesicular  morula  undergoes 
invagination  to  give  rise  to  the  archenteron.  The  blastopore 
is  elongated,  and  it  appears  to  be  likely  that  its  anterior  and 
posterior  ends  may  coincide  with,  if  they  do  not  give  rise  to, 
the  mouth  and  anus  respectively. 

In  most  Odontophoray  the  process  of  yelk-division  goes 
on  unequally,  and  results  in  the  production  of  large  and  small 
blastomeres  (macromeres  and  micromeres).  The  latter  form 
a  layer  which  gradually  extends  over  the  macromeres  and  in- 
closes them.  Obviously,  this  comes  to  the  same  result  as 
invagination  ;  and  the  included  macromeres  and  their  progeny 
either  become  converted  into  the  archenteron  with  its  ap- 
pendages, and  more  or  less  of  the  mesoblast,  or  a  portion  of 
them  may  serve  as  food-yelk. 

In  the  Pteropoda  and  Heteropoda^  and  in  Nassa^  Natica^ 
and  JEusits^  the  blastopore,  or  aperture  circumscribed  by  the 
edges  of  the  micromeral  layer  as  it  grows  round  the  macro- 
meres, closes,  but  corresponds  in  position  to  the  invagination 
of  the  ectoderm  which  gives  rise  to  the  future  mouth  ;  and 
the  anus  is  a  new  formation. 

In  such  land  Pidmonata  as  Limax,  the  process  of  yelk- 
division  gives  rise  to  macromeres  and  micromeres,  and  the 
latter  inclose  the  former.  What  becomes  of  the  blastopore 
is  not  clear,  though  I  am  inclined  to  think  that  it  corresponds 
in  position  with  the  mouth.  The  latter  is  seen  very  early  as 
a  funnel-shaped  invagination  of  the  epiblast  bounded  bj'  lat- 
eral lips.  Behind  it,  the  foot  grows  out  and  rapidly  attains 
a  considerable  size.  Its  posterior  extremity  becomes  flattened 
from  above  downward,  and  converted  into  an  orbicular  ap- 
pendage, the  opposite  walls  of  which  are  connected  by  retic- 
ulated muscle-cells.     This  appendage  undergoes  rhythmical 

>  Lankester,  **  Observations  on  the  Development  of  the  Pond-Snail"  (Quar- 
terly  Journal  of  Microscopical  Seierics^  1874),  and  C.  Rabl,  "  Die  Ontogenie  der 
Slisswasser  Pulmonaten^'  {Jen.  ZeUschrift^  1875). 

»  Fol,  "  Etudes  sur  le  d^veloppement  des  MoUusques."  ("  Arch,  de  Zooloirie 
exp^rimentale,"  1875, 1876.) 

»  Bobretsky,  "  Studien  fiber  die  embryonale  Entwickeluncr  der  Gasteropo- 
den."    ("  Arohiv  f.  Mikr.  Anat.  »  1876.) 
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movements  of  dilatation  and  contraction.  The  macromeres 
form  a  large  mass  inclosed  within  a  spheroidal  dilatation  of 
the  greater  part  of  the  haemal  wall  of  the  body,  which  deserves 
the  name  of  jelk-sac  even  better  than  the  structure  so  named 
in  the  Cephalopoda^  inasmuch  as  it  more  nearly  corresponds, 
morphologically,  with  the  vitelline  sac  of  vertebrated  animals. 
Between  this  sac  and  the  foot  the  small  remainder  of  the 
haemal  wall  becomes  converted  into  the  mantle. 

The  walls  of  the  vitelline  sac  undergo  contractions  which 
sometimes,  but  not  always,  alternate  with  those  of  the  pedal 
appendage.  On  each  side  of  it  appears  the  "  primitive  kid- 
ney," consisting  of  a  curved  elongated  series  of  cells  within 
which  concretions  are  developed,  and  terminating  in  a  duct 
which  opens  on  the  posterior  face  of  the  vitelline  sac,  close  to 
the  mantle.  The  exact  mode  of  origin  of  the  alimentary 
canal  has  not  been  made  out  ;  but,  in  any  case,  only  a  very 
small  portion  of  the  endodermal  cells  can  take  part  in  its 
formation,  and  the  archenteron  is,  at  first,  a  sac  which  nearly 
fills  the  small  projection  formed  by  the  rudimentary  mantle. 
The  oral  involution  of  the  ectoderm  gives  rise  to  the  odon- 
tophore,  and  extends  across  the  base  of  the  foot,  to  open, 
eventuallv,  into  the  archenteron. 

The  fold  of  the  mantle  which  overhangs  the  respiratory 
aperture  makes  its  appearance  very  early;  and,  immediately 
behind  it,  the  intestine  is  visible  as  a  short  tube,  which  ex- 
tends from  the  archenteron  to  the  surface,  but  does  not,  at 
first,  open  there. 

As  development  proceeds,  a  movement  of  the  macromerio 
part  of  the  vitellus  takes  place  in  exactly  the  opposite  direc- 
tion to  that  of  the  food-yelk  of  the  Cephalopoda  ;  that  is  to 
say,  from  the  vitelline  sac  into  the  constantly  enlarging  foot. 
The  alimentary  canal  accompanies  it,  the  anus  alone  remain- 
ing in  its  primitive  position.  The  constantly  lengthening 
alimentary  canal  becomes  disposed  in  folds ;  between  these 
the  macromeric  part  of  the  vitellus,  which  gradually  forsakes 
the  diminishing  vitelline  sac,  disposes  itself  around  the  coils 
of  the  intestine.  Eventually,  for  the  most  part,  it  becomes 
converted  into  the  liver. 

The  rudimentary  shell  first  makes  its  appearance  in  the 
form  of  a  few  subcrystalline  calcareous  plates,  on  the  inner 
side  of  the  ectoderm.* 

The  development  of  Helix  is  similar  to  that  of  Idmax ; 

»  Compare  Ge^enbaur,  "  Zur  Entwickelungsgeschichte  der  Land-Gastero- 
poden."    {ZeUtohriftfUr  Wist.  Zodoffie,  1852.) 
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but  the  intestine  passes  into  the  large  visceral  sac  instead  of 
into  the  cavity  of  the  mesosoma.  The  shell  is  stated  by 
Gegenbaur  to  be  at  first  internal,  as  in  JLimax.  In  neither 
case  has  the  relation  of  the  shell  to  the  shell-gland  been 
determined. 

The  process  of  development  appears  to  present  a  consider- 
able range  of  variation  in  the  Pulmonata,  Semper  *  states 
of  a  species  of  Vaginulus^  that,  after  the  process  of  cleavage, 
the  embryo  assumes  the  form  of  a  cylinder,  at  one  pole  of 
which  the  rudiments  of  the  tentacula  and  of  the  lips  appear ; 
while,  at  the  sides,  a  longitudinal  ridge  indicates  the  edge  of 
the  mantle,  and  marks  ofi^  the  more  convex  pallial  region 
from  the  flat  foot.     No  shell  is  formed. 

In  Lymnoms^  as  has  been  already  stated,  the  vitellus 
undergoes  complete  division,  and  the  resulting  vesicular 
morula  undergoes  invagination  to  produce  the  hypoblast. 
Only  the  middle  part  of  the  archenteron  becomes  the  alimen- 
tary canal,  however.  The  lateral  portions,  which  take  on  the 
form  of  rounded  sacs,  may  not  improbably,  as  in  the  Brachio- 
pods,  give  rise  to  the  perivisceral  cavity,  though  this  has  not 
been  proved.  The  mouth  is  produced  by  the  formation  of  an 
opening  in  the  coalesced  endoderm  and  ectoderm,  at  a  point 
near  the  anterior  end  of  the  body.  Upon  each  side  of  the 
mouth  a  transverse  ciliated  ridge  of  the  ectoderm  is  developed, 
and  represents  the  edge  of  the  velum  in  other  molluscan  em- 
bryos. Behind  this,  and  on  the  opposite  side  of  the  embryo 
to  that  on  which  the  mouth  is  placed,  a  raised  patch  of  the 
ectoderm  represents  the  mantle.  The  foot  commences  as  a 
papilla  immediately  behind  the  mouth.  An  involution  of  the 
centre  of  the  pallial  ectoderm  gives  rise  to  a  shell-gland,  but 
the  proper  shell  is  developed,  independently  of  this,  as  a  cu- 
ticular  secretion  from  the  whole  surface  of  the  mantle. 

Thus  the  embryo  of  Lymnoeus  possesses  an  incompletely 
developed  velum,  and  is,  in  all  essential  respects,  similar  to 
the  veligerous  embryo  of  Lamellibranchs,  Pteropods,  and 
Gasteropods  ;  while  the  Slugs  and  Land-snails  have  neither 
the  velum  (unless  it  be  represented  by  the  anterior  contrac- 
tile sac)  nor  the  external  embryonic  shell. 

The  development  of  the  Cephalopoda  is  very  unlike  that 
of  other  MoUusks,  and  will  be  dealt  with  under  the  head  of 
that  group. 

>  "  Entwickelunffsgeschichte  der  Arnrntllaria  poliia.^* 

*  Lankester,  "  Ooservations  on  the  Development  of  the  Pond-Snail,  Lvm- 
noBus  stagncUis,^^  {Quarterly  Journal  of  Microscopical  Science,  vol.  xiv.,  New 
Series.) 
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The  lowest  forma  of  the  Odontopkora  are  the  Polyplaco- 
phora,  or  Chitonidm,  and  the  Scaphopoda,  or  DentcUid<B. 
The  bilateral  symmetry  of  the  body  is  completely,  or  almost 


Fro.  1».— L  Chiton  Watanatatsm.    (After  Middendoi 
II.  (7Ato/idlBBecle.l  lu  show  0,  the  month:  i;,lhe  nerve 

lentricle:  c'.  an  auricle:  br.  the  left  bmucbls:  oel,  luc  ikiuu^ib.    i 
IIL,  IV,,  V.  8»KS»o(deyelopmeDtot<JAKuncin«rn«.    C*fterLoyla.) 

completely,  undisturbed,  while  the  hsemal  wall  ia  flat,  or  near* 
ly  so,  and  there  is  do  visceral  sac. 

The  Poltplacophora. — The  Chitons  (Fig.  181,  I.)  are 
elongated,  slug-like  animals,  having  the  mouth  at  one  end  of 
the  body,  and  the  anua  at  the  opposite  extremity,  A  rounded 
lobe  surmounts  the  mouth,  but  it  bears  no  eyes  nor  tenta- 
cula,  and  there  is  no  definite  head.  The  edges  of  the  mantle 
are  thickened,  but  little  prominent,  so  that  the  pallial  cavity 
is  not  much  more  than  an  elongated  groove,  beneath  and 
internal  to  the  thickened  edge,  which  is  sometimes  beset 
with  set%.  In  the  region  in  which  these  setie  occur,  the  surface 
of  the  mantle  is  covered  by  a  thick  cutioula.   The  setie,  which 
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may  be  merely  chitinous  or  completely  calcified,  or  partly  in 
the  one  and  partly  in  the  other  condition,  are  developed  in 
sacs  lined  by  the  cells  of  the  ectoderm.'  In  the  pallial  groove 
lie  the  short  lamellar  processes  which  represent  the  branchiae. 
The  shell  is  unlike  that  of  any  other  MoUusk.  It  consists  of 
eight,  transversely  elongated,  symmetrical  pieces,  arranged 
one  behind  the  other,  overlapping  in  such  a  manner  that  the 
posterior  edge  of  the  one  covers  the  anterior  edge  of  the 
next,  and  articulated  together.  Sonietimes  the  valves  are 
partially  or  completely  inclosed  in  the  mantle.  The  heart, 
composed  of  a  single  median  ventricle  and  two  lateral  auri- 
cles, is  placed  in  the  middle  line,  above  the  rectum,  at  the 
posterior  end  of  the  body.  The  aorta  is  continued  forward 
from  its  anterior  end,  while  the  auricles  receive  the  blood 
from  the  branchiae.  In  Chiton  piceus,  according  to  Schiff,' 
each  auricle  communicates  by  two  openings  with  the  ven- 
tricle, and  the  two  auricles  are  united  behind.  The  repro- 
ductive organ  is  median  and  symmetrical,  and  its  two  ducts 
open  on  each  side  of,  and  not  far  from,  the  anus. 

The  embryo  leaves  the  egg  as  an  oval  body,  surrounded 
near  its  anterior  end  by  a  circular  ciliated  band,  behind  which 
an  eye-spot  appears  on  each  side  (Fig.  121,  III.).  The  seg- 
ments of  the  shell  appear  while  the  young  Chiton  is  still 
locomotive,  and  the  disk  in  front  of  the  ciliated  band  becomes 
converted  into  the  lobe  above  the  mouth  (Fig.  121,  IV.,  V.). 
The  Chitons  have  existed  from  the  Silurian  epoch  to  the 
present  day,  apparently  with  very  little  modification. 

The  Scaphopoda.* — In  Dentalium,  the  shell  is  elongated, 
conical,  and  curved,  like  an  elephant's  tusk,  with  the  apex 
broken  off,  and  it  is  open  at  both  ends.  The  animal  has  a 
large  mantle  corresponding  in  form  with  the  shell,  and  also 
open  at  both  ends,  the  margins  of  the  anterior,  larger,  aper- 
ture being  much  thickened.  The  mouth,  placed  at  the  extreme 
ity  of  a  sort  of  cup,  the  margin  of  which  is  fringed  with  pa- 
pillae, is  situated  far  behind  the  anterior  opening  of  the  man- 
tle. Behind  the  oral  cup,  where  the  body  joins  the  mantle, 
is  a  transverse  muscular  ridge,  from  which  proceed  a  great 

1  Reincke,  "  BeitrS^e  zur  Bildungsgeschichte  der  Stacheln,  u.  s.  w."  (Zeit- 
9ehrift^ur  wisftmsehaftlickt  ZooloQie.) 

*  Zeitschrift fur  wissenschaftliche  ZoologU^  1858. 

•  A  very  complete  and  accurate  account  of  the  organization  of  Dentalium  la 
eiven  in  the  monograph  of  Lacaze-Duthiers,  **  Histoire  de  P organisation,  du 
d^veloppement,  des  moeurs  et  des  rapports  zoologiques  des  Dentales,"  1858. 
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number  of  long  tentacles.  These  protrude  through  the  an- 
terior opening  of  the  mantle,  and  play  the  part  of  prehensile 
organs.  Behind  and  below  the  oral  cup  the  very  long  sub- 
cylindrical  foot  proceeds.  Near  its  extremity  are  two  lateral 
fleshy  lobes  which  perhaps  correspond  with  the  epipodia  of 
other  MoUusks.  The  oral  cup  leads  into  a  buccal  chamber 
containing  the  odontophore,  whence  the  oesophagus  passes 
to  the  stomach.  The  liver  consists  of  two  symmetrically- 
branched  divisions  ;  and  the  intestine,  after  becoming  coiled 
upon  itself,  ends  in  a  prominent  anal  papilla,  in  the  median 
line,  behind  the  root  of  the  foot.  There  is  no  heart,  but  the 
blood  fills  spacious  sinuses.  There  are  no  special  respiratory 
organs  distinct  from  the  wall  of  the  pallial  cavity.  The  two 
renal  organs  open  one  on  each  side  of  the  anus.  The  renal 
blood  sinus  communicates  directly  with  the  pallial  cavity  by 
two  apertinres,  situated  close  to  those  of  the  renal  organs. 
In  the  nervous  system,  the  commissures  of  the  parieto- 
splanchnic  ganglia  pass  directly  to  the  cerebral  ganglia,  as 
in  the  Lamellibranchs.  The  sexes  are  distinct,  and  the  geni- 
tal gland  is  single  and  symmetrical,  though  its  duct  opens 
into  the  right  renal  organ.  The  embryo  is  at  first  surrounded 
by  a  number  of  ciliated  rings,  its  anterior  end  presenting  a 
tuft  of  long  cilia.  By  degrees  the  cilia  become  restricted  to 
the  edges  of  a  disk,  into  which  the  anterior  end  of  the  embryo 
expands,  and  which  represents  the  prae-oral  ciliated  velum  of 
the  Lamellibranchs.  The  mantle  now  appears  on  the  dorsal 
aspect  of  the  body,  behind  this  disk.  Its  ventral  edges  are 
free,  and  it  secretes  a  shelly  plate  of  corresponding  form. 
But,  as  development  advances,  the  edges  of  both  mantle  and 
shell  unite  in  the  median  ventral  line,  leaving  the  anterior  and 
the  posterior  ends  open. 

The  Scaphopoda  are  an  ancient  group,  remains  of  them 
occurring  as  far  back  as  the  Devonian  epoch. 

The  higher  Odontophora  (or  the  Gasteropoda^  Pteropoda^ 
and  Cephalopoda  of  Cuvier)  fall  into  two  divisions,  according 
to  the  structure  and  arrangement  of  the  parts  of  the  foot. 
In  the  one  division  (the  Gasteropoda  and  Pteropoda)  it  may 
be  a  simple  disk,  or  it  may  be  divided  into  three  portions — 
an  anterior  (the  propodium),  a  middle  (the  mesopodiuni\ 
and  a  posterior  (the  metapodium)  ;  and  it  may  be  still  further 
complicated  by  the  development  from  its  sides  of  muscular 
expansions — ^the  epipodia.  But,  whatever  the  shape  of  the 
foot  in  these  Mollusks,  its  margins  are  not  produced  into 
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prehensile  processes,  and  its  antero-lateral  portions  do  not 
extend  beyond  the  sides  of  the  head,  and  unite  in  front  of  the 
mouth. 

In  the  other  division  (the  Cephalopoda)^  the  margins  of 
the  foot  are  produced  into  prehensile  processes  or  arms,  and 
the  antero-lateral  regions  of  the  foot  extend  over,  and  unite 
in  front  of,  the  mouth,  in  such  a  manner  that  the  latter  is 
placed  in  the  centre  of  the  discoidal  foot/ 

In  the  former  division — that  is,  in  all  Pteropoda — in  all 
those  Gasteropoda  which  breathe  the  air  dissolved  in  water 
{Branchiog aster opoda)^  and  in  some  of  those  which  breathe 
air  directly  {Pulmog aster opoda)^  the  embryo  is,  as  in  the 
S'^aphopoda  and  Polyplacophora^  a  veliger  ;  or,  at  any  rate, 
it  has  ciliated  bands  which  subserve  locomotion.  But  in  the 
Cephalopoda  no  such  velum  is  formed,  and  the  animal  ac- 
quires the  general  characters  of  the  adult  before  leaving  the 

A  shell-gland  is  often,  if  not  always,  present  in  the  em- 
bryo of  the  higher  Odontophora ;  and,  in  all  Pteropods  and 
Branchiogasteropods,  the  mantle  secretes  a  cuticular  shell, 
which,  however,  may  exist  only  during  the  larval  condition. 

If  the  arrangement  of  the  alimentary  canal  in  a  Cephalo- 
pod,  or  a  Pfceropod,  be  compared  with  that  which  obtains  in 
such  a  Branchiogasteropod  as  Atlanta^  it  will  be  observed 
that,  in  the  former,  the  oesophagus  enters  the  outgrowth  of 
the  haemal  region  of  the  body  which  constitutes  the  visceral 
sac,  to  reach  the  stomach  ;  and  that  the  intestine  passes,  at 
an  acute  angle  with  the  anterior  portion  of  the  alimentary 
canal,  along  the  posterior  face  of  the  visceral  sac,  to  end  in 
the  pallial  chamber,  which  is  situated  on  the  posterior  face  of 
the  body.  The  pedal  ganglia  consequently  lie  between  lines 
traversing  the  anterior  and  the  posterior  divisions  of  the  ali- 
mentary canal  respectively ;  and  hence  the  alimentary  canal 
has  a  neural  flexure^  or  is  bent  toward  the  neural  face  of  the 
body. 

In  Atlanta^  on  the  other  hand,  the  intestine,  when  it  leaves 
the  stomach,  passes  along  the  anterior  face  of  the  visceral 
sac,  to  reach  the  pallial  cavity,  which  is  situated  on  the  an- 
terior face  of  the  body.  Hence  lines  traversing  the  two  di- 
visions of  the  alimentary  canal  would  inclose  not  the  pedal 

*  Se0^  for  a  valuable  disoussion  of  the  homolo|?ieB  of  the  arms  and  the  funnel 
of  the  Cejohalopoda^  in  which  the  view  here  talcen  ia  ably,  though  I  do  not 
think  satisfactorily,  controverted,  Grenacher,  '*Zur  Entwickelungsgeschichte 
der  Cephalopoden."    { ZeiUchrift fur  wise,  2k>ologie^  1874.) 

19 


434         THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

but  the  cerebral  ganglia.  In  other  words,  the  intestine  is 
bent  in  the  opposite  direction  to  that  which  it  takes  in  the 
Cephalopod,  or  has  a  hcemal flexure,^ 

The  haemal  flexure  of  the  intestine  is  very  characteristio 
of  the  Branchiogasteropoda^  and  is  completed  at  an  early 
stage  of  their  development. 

In  such  a  slightly -modified  Odontophoran  as  Chiton^  the 
heart  presents  its  normal  position  in  the  posterior  region  of 
the  haemal  face  of  the  body,  and  has  its  aortic  end  turned  for- 
ward. Although  the  branchiae  are  situated  at  the  sides  of 
the  body,  the  blood  which  passes  through  them  must  take  a 
backward  course  to  reach  the  heart;  and  thus  the  branchiaB 
may  be  said  to  be  virtually  behind  the  heart,  and  the  animal 
is  truly  opisthohranchiate.  It  appears  to  be  otherwise  with 
such  a  Gasteropod  as  Buccinum,  in  which  the  gills  lie  actual- 
ly in  front  of  the  heart,  and  the  animal  is  therefore  said  to 
be  prosobranchiate.  It  must  be  recollected,  however,  that, 
strictly  speaking,  no  Odontophoran  is  other  than  opistho- 
branchiate.  The  anus  represents  the  morphological  hinder 
end  of  the  body  ;  and  the  auricle  of  the  heart,  into  which  the 
current  of  blood  from  the  branchiae  passes,  is  never,  morpho- 
logically, posterior  to  the  branchiae. 

This  is  perfectly  obvious  in  the  Cephalopoda.  In  the 
position  which  the  animal  frequently  assumes  and  in  which  it 
is  ordinarily  represented,  the  gills  are  in  front  of  the  heart. 
But  if  the  Mollusk  is  placed  in  its  morphologically  correct 
position  with  the  oral  face  of  the  arms  downward,  it  will  at 
once  be  seen  that  what  is  commonly  called  the  ventral  face 
of  the  animal  is  the  posterior  half  of  its  haemal  face,  and  that 
the  heart  lies,  morphologically,  anterior  to  the  branchiae. 

In  such  Branchiogasteropods  as  are  prosobranchiate,  the 
gills  come  to  lie  in  front  of  the  heart  in  consequence  of  their 
having  followed  the  twisted  intestine  forward  and  to  the 
haemal  side  of  the  bod  v. 

The  Pteropoda.' — In  this  group  of  small  pelagic  animals 
there  is  no  distinct  head,  the  eyes  and  the  ordinary  tentacles 
remaining  rudimentary.  Auditory  sacs  are  attached  to  the 
pedal  ganglia.     Sometimes  (Pneumodermon)  two  eversible 

»  Huxlev,  "  On  the  Morphology  of  the  Cephalous  Mollusca."  ("  Phil. 
Trans.,"  1852.) 

«  See  Rang  and  Souleyet,  "  Histoire  naturelle  des  Mollusques  Pt^ropodes ; " 
and  Gegenbaur,  ^'  Untefsuchungen  uber  die  Pteropoden  und  Heteropoden," 
1855. 
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spinose  tentacular  organs  are  developed  at  the  sides  of  the 
mouth,  and,  in  addition,  two  acetabuliferous  tentacles  take 
their  origin  on  the  inner  side  of  a  cup-like  hood,  which  sur- 
rounds the  anterior  end  of  the  body.*  Cymbulia  is  stated 
to  possess  no  radula.  The  epifjodia  are  large  muscular  ex- 
pansions, by  the  flapping  of  which  the  Pteropods  swim  ;  but 
the  rest  of  the  foot  is  always  small,  and  often  rudimentary, 
in  correspondence  with  the  small  size  of  the  neural  face  of  the 
body. 

The  haemal  face,  on  the  contrary,  is  always  produced,  as 
in  the  Cephalopoda^  into  a  relatively  large  visceral  sac  ;  and 
in  some  (the  Thecoaomata)  this  visceral  sac  is  coextensive 
with  the  mantle,  which  is  protected  by  a  shell.  In  others 
(Gymnosomata)  the  mantle  early  disappears,  and  there  is 
no  shell.  In  Cymbulia^  the  delicate  transparent  chitinous 
shell  is  internal,  and  is  invested  by  an  epithelial  layer  derived 
from  the  mantle.  In  Spirialis,  the  foot  bears  an  operculum. 
Chromatophores  similar  to  those  of  the  Cephalopoda  occur  in 
Tiedemannia. 

In  the  Theco8omata^  the  free  lobe  of  the  mantle,  which 
incloses  a  spacious  pallial  cavity,  usuallv  lies  on  the  posterior 
aspect  of  the  visceral  sac,  as  in  the  Cephalopoda^  and  the 
rectum  terminates  in  it,  on  one  side  of  the  middle  line.  In 
these  there  is  a  simple  neural  flexure  of  the  alimentary  canal, 
as  in  the  Cephalopods,  although  the  turning  of  the  rectum  to 
one  side  destroys  the  symmetry  of  the  body.  In  Limacina 
and  SpirialiSy  the  intestine  appears  to  be  bent  round  to  the 
anterior  face  of  the  visceral  sac,  the  mantle-cavity  accom- 
panying it,  so  that  the  opening  of  the  mantle  is  placed  on 
the  anterior,  instead  of  on  the  posterior,  face  of  the  visceral 
sac.  There  are  no  distinct  gills  in  the  l^heeoaomata^  but  the 
lining  of  the  mantle-cavity  subserves  the  function  of  respira- 
tion, and  is  sometimes  produced  into  folds,  which  doubtless 
aid  in  the  performance  of  that  function.  Processes  of  the 
body,  to  which  the  office  of  gills  is  ascribed,  are  found  in 
some  Gymnosomata  (JPneumodermon  Spongobranchia), 

The  heart  consists  of  a  single  auricle  and  a  single  ventricle. 
The  auricle  lies  close  to  the  pallial  cavity,  and  receives  the 
aerated  blood  from  its  walls.  The  ventricle  is  sometimes 
directed  forward  (as  in  all  Gymno8om,ata)^  and  sometimes 

*  Se€^  for  the  somewhat  similar  arran^ments  In  Clione.  Eschiicht.  **  Ana^ 
tomisohe  Untersuchangen  tiber  Cliofie  boreoHs,''^  1858 ;  and  Macdonald,  "  On 
the  Zo6log^cal  Characters  of  the  Living  Clio  caudaia,"  (*^  Trans.  Boyal  Society 
of  Edinburgh,"  1868.) 
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backward,  so  that  nearly-related  forms  are  sometimes  opistho- 
branchiate,  sometimes  prosobranchiate.  The  branches  of  the 
aortic  trunk  soon  terminate  in  lacunse,  bj  which  the  blood  is 
conveyed  back  to  the  walls  of  the  mantle-cavity.  The  renal 
organ  is  a  contractile  sac  with  delicate  walls,  which  opens  on 
one  side  into  the  pallial  chamber,  and  on  the  other  into  the 
pericardial  sinus. 

The  Thecosomata  have  the  principal  ganglia  concentrated 
around  the  gullet — the  cerebral  ganglia  beiug  lateral,  and 
united  by  a  long  commissure. 

In  the  Gymnosomata  the  ganglia  are  more  scattered,  but 
the  arrangement  of  their  nervous  system  needs  reexamina- 
tion. 

All  the  Pteropoda  are  provided  with  an  ovotestis.  This 
is  a  racemose  gland,  in  the  ultimate  caeca  of  which  both  ova 
and  spermatozoa  are  developed.  The  spermatozoa  make 
their  appearance  at  the  closed  end  of  the  caecum  and  accumu- 
late in  its  cavity ;  the  ova  are  developed  from  the  epithelial 
tissue  of  the  caecum,  somewhat  lower  down;  nevertheless 
fecundation  does  not  take  place  in  the  ovotestis,  probably  in 
consequence  of  the  ova  and  spermatozoa  attaining  maturity 
at  different  times.  The  ovotestis  has  a  single  excretorj'  duct, 
the  t3rmination  of  which  ma}'  be  provided  with  a  receptacidum 
seminis  and  connected  with  a  penis. 

The  young  of  the  Pteropoda  leave  the  egg  provided  with 
a  velum,  with  a  rudimentary  shell,  and  probably  with  an 
operculum.  In  most  of  the  Thecosomata  the  shell  is  re- 
tained and  forms  the  commencement  of  that  of  the  adult, 
while  the  vela  disappear  and  the  epipodia  are  developed. 
In  Gymbulia^  the  primary  external  shell  is  shed  and  the 
chitinous  internal  shell  is  a  secondary  development.  In  the 
Qymnoaomata^  the  primary  shell  is  also  cast  off,  but  is  not 
replaced,  and  three  girdles  of  cilia  are  developed  on  the  sur- 
face of  the  body.* 

The  Silurian  genera  TentacuUtes,  Theca^  Pterotheea^ 
Oonularia^  Ecouliomphalus^  are  referred  to  the  Pteropoda^ 
but  they  differ  much  from  all  existing  forms.  Unquestionable 
Pteropoda  are  not  know  earlier  than  the  tertiary  formations. 

The  Bbakghiogastebopoda. — ^In  all  the  members  of  this 

*  Gegenbaur,  I.  c. ;  Krohn,  "  Beitr&ge  zur  Entwickelungso^eschiohte  der 
Pteropoden  und  Heteropoden,"  1860 :  and  Fol,  "  Etudes "  ("  Arohives  de 
Zool.  Exp6rimentale,"  1875  and  1876). 
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group,  the  development  of  which  has  hitherto  been  studied, 
the  intestine  becomes  twisted  round  on  to  the  anterior  face 
of  the  body,  in  such  a  manner  that  the  alimentary  canal  has 
a  completely  hsBmal  flexure,  even  in  the  veligerous  embryo. 
Hence,  in  the  adult,  the  intestine  springs  from  the  haemal  or 
dorsal,  and  not  from  the  ventral  or  neural,  aspect  of  the 
stomach ;  and  the  pallial  cavity,  when  it  exists,  is  placed 
upon  the  anterior  haemal  face  of  the  body. 

In  the  embryo,  the  shell  always  makes  its  appearance  as 
a  conical,  symmetrical,  median  cap.  This  embryonic  shell 
usually  persists  at  the  apex  of  tliat  of  the  adult,  the  form  of 
which  is  modeled  upon  that  of  the  visceral  sac,  and  hence, 
like  the  latter,  is  usually  spiral.  The  embryo  is  also  very 
generally,  if  not  universally,  provided  with  an  operculum. 

The  shell  and  operculum  of  the  embryo  disappear  in  the 
naked  Branchiogasteropods ;  but  the  primitive  external  shell 
is  sometimes  replaced  by  an  internal  shell  lodged  in  a  cavity 
of  the  mantle  (e.  g.,  Aplyaid),  Usually,  the  Branchiogastero- 
pods possess  a  distinct  head  provided  with  a  pair  of  tentacles 
and  with  two  eyes,  which  may  either  be  sessile  or  mounted 
upon  peduncles  of  their  own. 

The  mouth  may  be  armed  with  chitinous  jaw-plates,  in  ad- 
dition to  the  radula.  The  heart  is  generally  composed  of  a 
ventricle  and  a  single  auricle,  but  sometimes  there  are  two 
auricles. 

The  Branchiogaateropoda  fall  into  two  distinct  series,  of 
which  the  one  is  hermaphrodite  (the  genital  gland  being  an 
ovotestis)  and  invariably  opisthobranchiate ;  while  the  other 
is  unisexual  and  usually  pvosobranchiate.  In  each  series 
there  are  some  forms  which  are  provided  with  a  large  mantle, 
and  others  in  which  the  mantle  is  altogether  abortive  (Nudi- 
hranchiata^  JFirola).  These  Mamydate  and  aehlamydate 
Branchiogasteropods  correspond  with  the  Tliecosomata  and 
Oymnoaomata  among  the  Pteropods. 

The  chlamydate  Branchiogasteropods  are  usually  provided 
with  branchiae,  which  either  take  the  form  of  numerous  la- 
mellae, or  of  two  plume-like  organs,  sometimes  reduced  to  one 
functional  gill  and  a  rudiment  of  the  second.  In  the  aehlamy- 
date forms  true  gills  are  usually  absent,  though  they  may  be 
replaced  functionally  by  processes  of  the  haemal  body-wall. 

Among  the  Opiathobratichiatay  PhyUidia  is  nearly  sym- 
metrical, the  anus  being  situated  at  the  posterior  end  of  the 
body,  and  there  is  a  large  mantle,  devoid  of  a  shell.     There 
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is  no  pallial  cavity,  and  the  branchise  are  numerous  lamellse, 
placed  on  each  side  of  the  body,  between  the  free  edge  of  the 
mantle  and  the  foot.  In  Aplasia,  the  mantle  is  relatively 
small,  and  possesses  an  internal  shell ;  the  branchise,  the 
anus,  and  the  reproductive  apertures,  are  placed  on  the  right 
side  of  the  body.  In  this  genus,  and  in  G aster opteron^  there 
are  very  large  epipodial  lobes,  by  the  aid  of  which  some 
species  propel  themselves  like  Pteropods. 

The  Nudibranchiata  have  no  mantle,  and  the  anus  is 
usually  situated  on  the  right  side  of  the  body  ;  sometimes, 
however,  as  in  Doris^  it  is  terminal.  In  the  pelagic  Phylli- 
rhde^  the  foot  aborts,  as  well  as  the  mantle,  and  the  body  has 
the  form  of  an  elongated  sac. 

The  gastric  portion  of  the  alimentary  canal  becomes  com- 
plicated by  division  into  several  portions,  some  of  which  are 
provided  with  chitinous  or  calcareous  plates,  or  teeth,  in 
Aplysia^  .Bulla,  and  other  genera.  In  many  Nudibranchs, 
as  JEolis,  the  liver  is  represented  bj'  a  much-branched  tubular 
organ,  the  caecal  ultimate  ramifications  of  which  end  in  the 
elongated  dorsal  papillae.  The  apices  of  these  papillae  contain 
thread-cells. 

In  the  series  of  the  Prosohranchiata,  the  great  majority 
are  not  only  chl  amy  date,  but  there  is  a  spacious  branchial 
chamber,  and  the  pallial  wall  of  the  body  is  produced  into  a 
conical  visceral  sac,  whicb  contains  the  stomach,  liver,  and 
genital  organs.  It  is  usually  asymmetrically  coiled,  and  is 
protected  by  the  shell.  No  Opisthobranch  possesses  a  large 
visceral  sac  of  this  kind.  On  the  other  hand,  no  Prosobranch 
is,  like  Phyllidia^  symmetrical,  with  the  anus  at  the  posterior 
end  of  the  body.  Patella  and  Fissurella  are  nearly  sym- 
metrical, but  the  anus  is  anterior. 

The  Prosohranchiata  have,  at  most,  rudiments  oiepipodiay 
but  the  rest  of  the  foot  often  acquires  a  much  greater  develop- 
ment than  in  the  O^nsthohranchiata,  and  a  chitinous  or  shelly 
plate — the  operculum — is  frequently  developed  from  the  dor- 
sal or  haemal  aspect  of  the  metapodium.  The  differentiation 
of  the  foot  attains  its  highest  degive  in  the  so-called  Hetero- 
poda,  in  which  the  propodium,  mesopodium,  and  metapodium 
differ  widely  in  form ;  the  propodium  being  broad  and  fin-like, 
and  constituting  the  chief  organ  of  locomotion  in  these  free- 
swimming  oceanic  animals. 

In  the  Limpets  {PateUidce),  the  visceral  sac  forms  merely 
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a  conical  projection  of  the  haemal  surface,  and  the  numerous 
lamellar,  or  tilamentous,  respiratory  organs,  are  lodged  be- 
tween the  free  edges  of  the  mantle  and  the  sides  of  the  body. 
In  the  other  chlamydate  Ftosobranchiata^  except  the  Cyclos- 
tomata^  there  are  two  plumose  gills  lodged  in  a  pallial  chamber 
situated  on  the  anterior  face  of  the  visceral  mass,  which  is 
usually  large  and  spirally  coiled.  Sometimes,  as  in  the  di 
vision  of  the  Aspidobranchia^  the  two  branchiae  are  equal,  or 
nearly  equal,  in  size.  Sometimes  one  is  so  much  smaller  than 
the  other  as  to  be  nearly  abortive  ( Ctenohranchia).  Ampul' 
laria  has  a  pulmonary  cavity  as  well  as  gills.  On  the  other 
hand,  the  Cycloatomata  have  no  branchiae,  but  breathe  air 
by  means  of  the  parietes  of  the  pallial  chamber,  whence  they 
are  ordinarily  reckoned  among  the  Palmonata^  which  they 
resemble  in  their  terrestrial  habits.  In  many  Prosobranchiata^ 
the  wall  of  the  branchial  chamber  is  produced  into  a  muscular 
spout-like  prolongation,  termed  the  siphon^  which  serves  to 
direct  the  branchial  current.  The  presence  of  this  siphon  is 
usually  accompanied  by  a  notch  or  grooved  process  of  the 
shell,  and  by  carnivorous  habits. 

In  the  Hetsropoda^  there  is  a  gradual  reduction  of  the 
mantle,  from  Atlanta^  in  which  the  mantle  and  shell  have  the 
ordinary  proportions,  and  the  departure  from  the  ordinary 
Gasteropod  type  is  but  little  greater  than  that  observed  in 
Strombus  and  JPteroceras,  through  Carinaria^  in  which  the 
mantle  is  much  reduced,  and  the  shell  is  a  mere  conical  cap, 
to  Firola^  in  which  the  mantle  and  shell  are  wanting  in  the 
adult,  and  which,  therefore,  corresponds  with  the  achlamydate 
Pteropoda  and  Opiathobranchiata. 

In  many  genera  of  the  Ctenobranchia^  and  especially 
among  the  carnivorous  forms,  the  mouth  is  situated  at  the 
end  of  a  long  proboscis,  which  contains  the  odontophore,  and 
a  great  part  of  the  long  oesophagus.  This  proboscis  is  pro- 
truded and  retracted  by  special  muscles.* 

The  eggs  are  often  laid  in  capsules  secreted  by  the  walls 
of  the  oviduct.  In  Neritina^  Purpura^  and  Buccinum^  each 
capsule  contains  a  considerable  number  of  ova,  but  of  these 
only  a  few  (one  in  Neritina)  become  embryoS,  and  devour 
the  rest.' 

»  See  the  description  of  the  proboscis  of  the  Whelk  in  Cuvier*8  "  M^moires 
sur  les  MoUusques." 

'Keren  ana  Danielissen,  "Recherohes  sur  le  d^veloppement  des  Pectini- 
branches"  ("Fauna  littoralis  NorvegiaB,"  ii.,  1856),  and  Carpenter,  "On  the 
Development  of  the  Embryo  of  Purpura  lapiUus^^  ("Trans.  Mior.  Society," 
1854,  and  "  Annals  of  Nat.  Hist.,"  1857).  Clapar^de^ "  Anatomie  nnd  Entwicke- 
lungsgeschichte  der  MriHna  JiuviaHlis."    ("  Archiv  f&r  Anatomie,"  1867.) 
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The  parasitic  habit  which  is  so  rare  amoDg  the  Mbllusca 
occurs  in  the  genus  Stj/lifer,  which  infests  Star-6shes  and 
Sea-urchins,  sometimes  imbedding  itself  in  the  perisoma ; 
and,  under  a  very  remarkable  and  not  yet  thoroughly -under- 
stood form,  in  the  singular  parasite  of  another  Echinoderm, 
Synapta  digitata^  termed  by  its  discoverer,  Muller,  JEnto- 
concha  mirabilis,^ 

In  some  few  of  the  Synaptce  (not  more  than  one,  or  per- 
haps two,  in  a  hundred),  elongated  tubular  molluskigerous 
8ac8  are  found  attached  by  one  extremity  to  one  of  the  intes- 
tinal vessels ;  while  the  opposite  end  either  hangs  freely  into 
the  perivisceral  cavity,  or  may  be  entangled  among  the  bases 
of  the  tentacles,  at  the  cephalic  extremity  of  the  body  of  the 
Synapta,  The  sac  is  closed,  but,  at  its  attached  end,  a  long 
invagination  extends  into  its  interior.  The  cavity  of  the  sac 
beyond  the  closed  extremity  of  the  invagination  contains  an 
ovary  ;  and,  beyond  this,  a  certain  number  of  free  seminal 
capsules.  The  ova  are  detached  from  the  ovary,  and  under- 
go their  development  in  envelopes,  each  containing  many 
ova,  which  gradually  fill  the  cavity  of  the  moUuskigerous  sac. 
From  these  ova,  embryos,  provided  with  a  velum,  shell,  and 
operculum,  proceed.  A  large  pallial  cavity  is  soon  apparent ; 
but,  in  the  most  advanced  stages  of  development  observed,  it 
contained  no  branchiae. 

What  becomes  of  these  larvae  is  unknown,  nor  is  it  even 
certain  to  what  group  of  the  Odontophora  Entoconcha  be- 
longs. 

The  Pulmonata. — These  are  odontophorous  Mollusks 
which  breathe  air  directly,  by  means  of  a  respiratory  surface 
furnished  by  the  wall  of  the  pallial  cavity. 

In  some,  such  as  the  Peroniadm  (Fig.  123)  and  Veroni- 
ceUidcB,  the  body  of  the  slug-like  animal  is  very  nearly  sym- 
metrical ;  the  anus  and  the  lung-sac  being  situated  close  to- 
gether at  the  posterior  extremity  of  the  body.  The  mantle 
is  large,  and  extends  over  the  whole  haemal  or  dorsal  surface. 
In  all  the  other  Pulmonata,  the  pulmonary  and  the  anal 
apertures  lie  on  the  right  side  of  the  body,  and  the  mantle  is 
provided  with  at  least  the  rudiments  of  a  shell.  The  pallial 
region  is  sometimes  very  small  in  proportion  to  the  rest  of 
the  body,  and  then  forms  a  flattened  disk,  as  in  the  common 
Slug  ;  while,  in  some  IJimacidcB  and  Testacellidce,  and  in  the 

»  "Die  Erzeueung  von  Schnecken  in  Holothurien,"  1852.    Baur,  "Ueber 
Synapta  digUata)'    (»'  Nova  Acta,"  xxxi.,  1864.) 
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JandlidoBy  the  mantle  is  so  much  reduced  that  they  are  al- 
most achlamydate.  In  the  Snails,  the  mantle  is  large  and  is 
produced  into  an  asymmetrically  coiled  visceral  sac,  in  which 
the  stomach,  liver,  and  genital  gland  lie.  The  mantle-cavity 
lies  on  the  fore-part  of  the  sac,  and  the  anus  opens  on  its 
margin.  Thus,  in  all  the  ordinary  JPiilmonataj  the  termina- 
tion of  the  intestine  is  twisted  from  its  normal  position  at  the 
hinder  end,  forward  to  the  right  dorsal,  or  haemal,  aspect  of 
the  body. 

When  the  pulmonary  sac  is  posterior,  and  the  pallial  re- 
gion small,  the  ventricle  of  the  heart  is  anterior,  and  the 
auricle  posterior,  and  the  animal  may  be  said  to  be  opistho- 
pulmonate.  On  the  other  hand,  when  the  pallial  region  is 
large,  and  gives  rise  to  a  visceral  sac,  with  the  concomitant 
forward  position  of  the  pulmonary  chamber,  the  auricle  is 
inclined  more  or  less  forward  and  to  the  right  side,  and  the 
apex  of  the  ventricle  backward  and  to  the  left  side.  The 
animal  is  thus  more  or  less  prosopulmonate. 

The  mouth  is  commonly  provided  with  a  homy  upper  jaw, 
as  well  as  with  a  well-developed  odontophore.  Large  salivary 
glands  are  usually  present. 

The  heart  consists  of  a  single  auricle  and  a  single  ventri- 
cle. The  aortic  trunk,  which  proceeds  from  the  apex  of  the 
latter,  divides  into  many  branches,  but  the  venous  channels 
are  altogether  lacunar.  A  renal  organ  lies  close  to  the  pul- 
monary sac  in  the  course  of  the  current  of  the  returning  blood. 

There  are  usually  two  simple  eyes,  often  lodged  in  the 
summits  of  retractile  tentacula. 

The  Pulmonata  are  hermaphrodite.  The  generative  gland 
is  an  ovotestis,  and  is  composed  of  branched  tubuli,  from  the 
cellular  contents  of  which  both  ova  and  spermatozoa  are  de- 
veloped (Fig.  123,  m.). 

A  narrow  common  duct  leads  from  the  ovotestis,  and,  soon 
dilating,  receives  the  viscid  secretion  of  a  large  albumen- 
gland.  The  much  wider  portion  of  the  common  duct  beyond 
the  attachment  of  this  gland  is  incompletely  divided  by  longi- 
tudinal infoldings  into  a  sacculated,  wider,  and  a  straight, 
narrower,  division.  The  former  conveys  the  ova,  and  the 
latter  the  spermatozoa.  At  the  end  of  this  part  of  the  ap- 
paratus, the  wider  portion,  which  represents  the  oviduct, 
passes  into  the  vagina,  which  opens  at  the  female  genital 
aperture,  while  the  narrower  portion  of  the  common  duct  is 
continued  into  a  separate,  narrow,  vas  deferens,  the  end  of 
which  opens  into  a  long  invagination  of  the  integument — the 
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penis.  In  J^onta,  the  vas  deferens  and  the  oriduct  open 
together  by  the  genitnl  aperture,  and,  as  in  some  Branchio- 
gasteropoda,  a  groove,  along  which  the  Beminal  fluid  is  con- 


ducted, leads  to  the  outer  opening  of  the  eversible  penis  (Fig. 
133,  L,  II.). 

In  connection  with  the  female  genital  aperture,  there  is 
always  a  apermatheca,  or  sac  (which  is  sessile  in  the  Slugs, 
but  in  the  Snails  is  placed  at  the  extremity  of  a  long  duct), 
for  the  reception  of  the  semen  of  the  other  individual  when 
copulation  takes  place. 

The  Melicidm  alone  possess,  in  addition,  the  so-called  sac 
of  the  dart,  a  short  muscular  bag,  in  which  pointed  chitinons 
or  calcified  bodies — the  apicula  amoris — are  formed  ;  and 
certain  glandular  caeca,  generally  arranged  in  two  digitate 
bundles,  termed  mucous  glands,  which  give  rise  to  a  milky 
secretion.     Sometimes  prostatic  glands  are  developed  on  the 
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Tas  deferens,  which  may  be  dilated  in  part  of  its  course  into 
a  vesicttla  semincUia. 


Jia.  1**.— I,  ftronfo  verrvcvlata. — n,  ai 


whioli  tnnilehcB  »  RlBlrj 

daRt:  a;i,  Klsndnlar  appeadsge ;  fn|  retractor  muvile  ot 

m.  Blind  cud  of  a  follicle  of  ihe  ovotestleof  flWtepowwKio. 

tovih  tre  Been  In  different  f '  ' — ' ■  "- 

flostineinbnndleiintheca? _ _,. 

In  the  mile  of  the  follicle.    (After  Keferateln  and  Ebleri 


pi,  psImonsryspeTtnre;  g,  |:^IUlBp» 

■elne  omtl 
deferens 


eni».    (After  Eefei^ 


The  ova  are  impregnated  high  up  in  the  oviduct,  and  are 
invested  by  a  relatively  very  large  mass  of  albumen  and  in- 
closed within  a  thick,  sometimes  calcified,  chorion.  The  mass 
inclosed  by  the  latter  may  be  a  tenth  of  an  inch  or  more  in 
diameter,  while  the  proper  ovum  may  have  not  more  than  a 
twelfth  of  that  size. 

There  is  no  trustworthy  evidence  of  the  existence  of  the 
opisthobranchiafe  Gasteropods  before  the  epoch  of  the  Trias, 
but  it  ig  to  be  remembered  that  the  great  majority  of  these 
animals  have  no  shells.  Of  the  rest  of  the  preceding  groups 
of  Odontophora,  representatives  are  knotvn  as  far  back  as 
the  middle  of  the  Paleozoic  epoch,  while  Pteropoda,  Setero- 
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poda,  and  ProsobranoMata,  occur  in  the  Silurian  formstions. 
Among  the  Prosobranchiata,  the  PatelUdce  and  the  Aspido- 
branchia  are  the  characteristic  forms  of  the  oWer  formations, 
the  Ctenobranchia  appearing  later,  and  acquiring  their  pres- 
ent relative  abundance  only  in  the  later  secondary  and  the 
tertiary  epochs. 

The  Cephalopoda. — The  bilateral  symmetry  which  is  so 
obvious  in  the  Polyplacophora  and  the  Scaphopoda  is  but 


Via.  lii.—A,  S^Oa  offldaaHt.    B,  Intoral  Tlew  of  the  homy  ring  of  an 

little  disturbed  in  this  group  of  the  Odontopkora.  The 
mouth  Bnd  the  anus  are  situated  in  the  median  plane,  which 
divides  the  bodv  into  corresponding  halves  ;  while  the  bran- 
chije,  two  or  four  in  number,  are  disposed  symmetrically  on 
each  side  of  this  plane,  as  are  the  brachial  prolongations  of 
the  margins  of  the  foot.  The  haemal  face  of  the  body,  how- 
ever, is  not  flat,  as  in  the  mollusks  which  have  just  been  men- 
tioned, but  is  elongated  perpendicularly  to  the  neural  face,  so 
as  to  form  a  sort  of  sac,  invested  by  the  mantle.     On  the  pos- 
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terior,  or  anal,  face  of  the  sac,  the  mantle  incloses  a  large 
pallia!  cavity,  in  which  the  branchiae  are  protected.  On  the 
anterior  aspect  of  the  sac,  on  the  contrary,  the  mantle  may 
have  no  free  edge,  or,  at  most,  forms  a  comparatively  small 
flap.' 

The  integument  is  provided  with  chromatophores^  which 
are  sacs  with  elastic  walls,  full  of  pigment,  and  provided  with 
radiating  muscles,  by  which  they  may  be  drawn  out  to  a  size 
many  times  greater  than  that  which  they  possess  in  their 
contracted  state.  In  their  dilated  condition,  the  color  proper 
to  the  contained  pigment  becomes  plainly  visible,  while  in 
their  contracted  state  they  appear  as  mere  dark  specks.  It 
is  to  the  successive  expansion  and  contraction  of  these  chro- 
matophores  that  the  Cephalopoda  owe  tbe  peculiar  play 
of  "shot"  colors,  which  pass  like  blushes  over  their  sur- 
face in  the  living  state.  These  blushes  of  color  are  especial- 
ly well  displayed  by  young  Cephalopods  just  freed  from  the 

But  that  which  particularly  distinguishes  the  Cephalo- 
pod  is  the  form  and  disposition  of  the  foot.  The  margins 
of  this  organ  are,  in  fact,  produced  into  eight  or  more  pro- 
cesses, termed  arms,  or  hrachia ;  and  its  antero-lateral  por- 
tions have  grown  over  and  united  in  front  of  the  mouth, 
which  thus  comes,  apparently,  to  be  placed  in  the  centre  of 
the  pedal  disk.  Moreover,  two  muscular  lobes  which  cor- 
respond with  the  epipodia  of  the  Pteropods  and  Branchio- 
gasteropods,  developed  from  the  sides  of  the  foot,  unite  pos- 
teriorly, and,  folding  over,  give  rise  to  a  more  or  less  com- 
pletely tubular  organ,  the  funnel,  or  infundihilum.  The 
open  end  of  the  funnel  projects  between  the  posterior  face 
of  the  body  and  the  pallial  wall  of  the  branchial  cavity,  and 
serves  to  conduct  the  water,  when  it  is  driven  out  of  the 
latter  by  the  contraction  of  the  mantle  in  ordinary  expira- 
tion;  and  when  the  animal  swims,  the  stream  forcibly  driven 
out  in  this  way  causes  it  to  dart  swiftly  backward. 

The  aperture  of  the  mouth  (Fig.  125,  a)  is  provided  with 
a  hard,  chitinous  beak,  like  that  of  a  parrot,  the  two  divis- 
ions of  which  are  anterior  and  posterior.  Of  these,  the 
anterior  is  always  the  shorter,  and  is  overlapped  by  the 
other. 

1  Cephalopods  are  usually  described  as  if  the  oral  end  of  the  body  were  the 
upper  end,  and  the  face  on  which  the  pallial  chamber  is  placed  ventral— a 
method  which  seriously  interferes  with  the  comprehension  of  their  relationa 
with  other  Mollusks. 
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Within  the  cavity  of  the  mouth  is  an  odontophore,  with 
its  radula  (Fig.  1S6,  II.)  ;  and  the  long  gullet  passes  back  on 
the  middle  line  to  open  into  the  stomach,  which  is  situated 


Pto.  I S5.— Diagram DUitlc  section  nfs  U.meie  Sinia.—a,  Buccal  m&SB  gnmnuided  b; 
thft  lips,  and  abowlne  tbu  bomy  jawa  and  Cungue;  b,  i£aonha^a;  f ,  aallrary 
Bland;  K-elnmaeh;  e.pjlorlc  Cfficnm;  ff.  the  intcBltne;  J.  the  inm;  (,  the  Int- 
W;  k.  the  place  of  the  pyftemio  heart:  ',  Ibe  llier;  «,  the  hepatic  dnct  of  the 
left  aide;  o,  fhe  nvary:  p,  theovldnct;  g.onent  the  apertarca  by  wblrh  the  water- 
chamhere  are  placed  <n  com mnni cation  with  theeitErior:  r.  one  of  thebranchln; 
I,  Ibe  principal  pane'la  augregated  ronnd  ttie  (eaopliairup; /,  the  fnnncl ;  m.  the 

fled  marglne  of  the  foot,  conetitDting  the  etwialled  arms  of  tbe  Befla. 

toward  the  middle,  or  the  end,  of  the  mantle-sac.  From  the 
stomach,  the  intestine,  more  or  less  bent  upon  itself,  passes 
toward  the  neural  aspect  of  the  body,  and  ends  in  the  median 
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anus.  Hence  the  alimentary  canal  has  a  well-marked  nem*al 
flexure  (Fig.  125). 

Except  in  Nautilus^  one  or  two  pairs  of  salivary  glands 
are  present  (Fig.  126,  I.  s').  The  liver  (Fig.  126,  I.  h)  is  al- 
ways large  ;  and  there  are  two  hepatic  ducts  (Fig.  126, 1,  dh)^ 
beset  for  a  greater  or  less  extent  with  glandular  follicles,  gen- 
erally considered  to  be  pancreatic  in  function.  Very  often  a 
large,  sometimes  spirally  wound,  caecum  is  developed  from  the 
commencement  of  the  intestine  ;  into  this  the  hepatic  ducts 
open. 

The  heart  (Fig.  127,  c)  is  placed  upon  the  posterior  face 
of  the  body  on  the  haemal  side  of  the  intestine,  and  receives 
the  blood  by  branchio-cardiac  vessels,  which  correspond  in 
number  with  the  gills,  and,  as  they  are  contractile,  might  be 
regarded  as  auricles.  The  gills  themselves  have  no  cilia,  and 
are,  in  some  cases,  if  not  always,  contractile.  The  arteries 
end  in  an  extensively-developed  capillary  system,  but  the 
venous  channels  retain  to  a  greater  or  less  extent  the  char- 
acter of  sinuses.'  The  venous  blood,  on  its  way  back  to  the 
heart,  is  gathered  into  a  large,  longitudinal  sinus — the  vena 
cava — which  lies  on  the  posterior  face  of  the  body,  close  to 
the  anterior  wall  of  the  branchial  chamber,  and  divides  into  as 
many  afferent  branchial  vessels  as  there  are  gills.  Each  of 
these  vessels  traverses  a  chamber  which  communicates  di- 
rectly with  the  mantle-cavity,  and  the  wall  of  the  vessel  which 
comes  into  contact  with  the  water  in  this  chamber  is  saccu- 
lated and  glandular'  (Fig.  127,  re).  Each  chamber,  in  fact, 
represents  a  renal  organ.  The  pericardium,  and  the  sacs  in 
which  the  testes  and  ovaria  are  lodged,  may  communicate 

1  Milne-Edwards,  "  Recherches  Anatomiqties  et  Zoologiques.  Premiere  Par- 
tie."  "  Observations  et  Experiences  sur  la  Circulation  chez  les  Mollusques," 
1845.  .  .       _  ^. 

2  On  account  of  the  transparency  of  the  tissues  in  the  living  LoUgo  media^ 
this  species  affords  an  easy  opportunitv  of  observing  the  rhythmical  contrac- 
tions of  the  branchifB,  and  their  afferent  and  efferent  vessels.  For  this  pui^ 
pose  the  mantle  should  be  laid  open^  and  the  nidimental  glands  carefully 
removed.  The  sacculated  afferent  vems  and  the  branchial  hearts  contract 
about  sixty  times  a  minute.  The  pulsations  of  these  veins,  and  of  the  bran- 
chial hearts,  are  not  synchronous.  The  branchial  veins,  and  the  lamellee  of 
the  branchiae,  also  contract  rhythmically,  but  I  could  observe  no  contraction  in 
the  branchial  arteries.  The  portion  of  the  branchial  vein  which  lies  between 
the  base  of  the  gill  and  the  systemic  ventricle  is  very  short,  and  it  is  hard  to 
say  whether  it  contracts  independently  or  not.  Mechanical  irritation  causes 
contraction  both  of  the  afferent  branchial  veins  and  of  the  branchial  hearts. 

In  the  living  Eledone  drrhosus  I  have  observed  regular  rhythmical  con- 
tractions of  the  vena  cava  itself  as  well  as  of  its  divisions,  the  sacculated  affe- 
rent branchial  veins,  of  the  branchial  hearts,  and  of  the  branchio-oardiac  ves^ 
sels. 
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with  the  pallUl  cavity  either  directly  or  through  these  cham* 
bers.    Thus,  in  Sepia  officincUis,  Krohn '  observed  that  the 


Fio.  lie,— Sepia  lOlfinalii.-i-  The  allmenlsn'  Cinal,  with  the  tnk-bag;  mS.  bncc*! 
uuBe;  oft,  Interior  buccal  etm^lon  ;  «',  poeUrtnr  aaliiBrr  (^lanrJe  ;  oe,  iBeophagns; 
ftjlver;  dh.  hepatic dncl;  c.stomath;  e',  pyloric  ceecam;  i,  Intestine;  a.aniwt 
ii,lhk-b«g;  I7U),  splandinlc  gantllon  on  the  stomsoh.    {After  Keferatoln.) 

n.  Longitudinal  and  verUcslsectioDthroQgh  the  buccal  mass:  mati,  posterior  beak  ; 
mxa,  Bnierlor  beak  :  inbc,  buccal  membiane ;  ml,  lip  ;  x,  B^t^tatory  (?)  orean  ;  rd, 
radula:  z,  aac  oCthe  radnia ;  (',  eillvary  gland  :  oI,eiipeiiDi  baceal  eaniilla.  (After 
Keferst-in.) 

HI.  Aalngle  tranaienerow  of  teeth  fram  tbe  ladala.    (AJter  Troechel.) 

renal  chambers  communicate  not  only  with  the  cavities  in 
which  the  branchial  hearts  are  lodged,  but  with  a  chamber 
which  contains  the  stomach  and  the  spiral  pyloric  appendages  ; 
and  that  all  these  cavities  are  distended  when  air  is  blown 
into  one  renal  chamber.  In  Mledone,  on  the  contrary,  he 
found,  and  I  have  repeated  the  observation,  that  one  renal 

einijer  Cephalopoden."    ("  AwhlT 
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chamber  can  be  fully  disteodet]  without  the  air  paBsing  into 
the  other. 


Fia,  1^,— Sepia  qfflciaaUa. — CBjateoilo  heart ;  oODterioraorta;  oo',  posterior  soHs : 
1,  vena  cava;  J, afferent  brauchUI  resselii:  re.  ri'iinl  oryHus;  i.  appendages  of 
Cbexe  vepBeLg:  S,  4.  Ur^e  poateiior  velue  biingJni!  Moor)  la  Uie  afferent  branchial 
veseelf  :  S,  S.  1.  efferent  brancblal  vez-gels,  broncbtsl  Teina/and  brancblo-cardlac 
or  auricular  trunke.    (After  Hiinbir.l 

In  Nautilus  pompUvua  there  are,  as  Valenciennea  discov- 
ered, three  pairs  of  openings  which  lead  from  the  branchial 
sao  into  chambers  contained  in  the  interior  of  the  body.  Of 
these  chambers  there  are  five  ;  the  anterior  and  posterior 
pairs  are  situated  on  each  side  of  the  rectum,  and  each  has 
its  own  opening  ;  the  fifth,  a  very  much  larger  chamber,  has 
two  openings,  one  on  each  side.  It  is  coextensive  with  that 
part  of  the  manlle  which  lies  behind  the  insertion  of  the  shell- 
muscles  and  the  homy  band  which  connects  them.  It  is 
separated  from  the  paired  chambers  by  their  inner  walls,  and 
these  walls  are  traversed  by  the  afferent  brailchial  veins. 
Appendages  of  these  veins  project  on  the  one  hand  into  the 
paired  chambers,  and  on  the  other  into  the  single  chamber. 
The  latter  appendages  are  elongated  papillfe,  while  the  for- 
mer are  lamellar.  Earthy  concretions,  composed  mainly  of 
phosphate  of  lime,  but  which  yield  no  trace  of  uric  acid,  are 
usually  found  in  the  paired  sacs.' 

"  Owen,  "  Memoir  on  the  Pearlj  Nautilus."  Van  der  Hoeven,  "  Beitraft 
TOT  Auatomie  vom  Na^tUvt  ptympilivg"  ("  Archtv  fOr  Natnrgeaehichte," 
185T).    Hnxley,  "  On  Bom«  Pointa  In  the  Anatomy  of  Matiha  fompiUva" 
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The  nervous  system  in  the  Cephalopoda^  as  in  other  Mol- 
lusca^  consists  of  cerebral,  pedal,  and  parieto-splanohnic  gan- 
glia, aggregated  around  the  gullet,  and  connected  by  com- 
missural cords.  In  addition  to  these,  buccal,  visceral,  bran- 
chial, and  pallial  ganglia  may  be  developed  on  the  nerves 
which  supply  the  buccal  mass,  th^  alimentary  canal,  heart, 
branchia,  and  mantle. 

In  the  Dibranchiata  (Fig.  128),  the  three  principal  pairs 
of  ganglia  are  usually  large,  and  so  closely  aggregated  to- 
gether that  the  commissures  are  not  readily  distinguishable. 
The  optic  nerves  are  very  large ;  one  or  two  nerves  are  given 
off  to  the  superior  or  anterior  buccal  ganglia,  which  have  co- 
alesced into  one  mass,  and  are  united  by  commissures,  which 
encircle  the  oesophagus,  with  the  coalesced  inferior  or  pos- 
terior buccal  ganglia.  The  pedal  ganglia  lie  on  the  pos- 
terior side  of  the  gullet,  and  supply  the  large  nerves  to  the 
arms,  and  those  to  the  funnel,  while  the  auditory  nerves  are 
immediately  connected  with  them.  Each  parieto-splanchnic 
ganglion  gives  off  a  nerve  which  runs  along  the  shell-muscles 
to  the  anterior  wall  of  the  mantle,  and  there  enters  a  large 
ganglion,  the  ganglion  stellatvm,  A  large  median  branch,  or 
branches,  from  the  parieto-splanchnic  ganglia,  accompanies 
the  vena  cava,  and  is  distributed  to  the  branchiae  and  sexual 
organs.  The  inferior  buccal  ganglion  sends  a  recurrent  nerve 
along  the  oesophagus,  which  ends  in  a  ganglion  on  the  stom- 
ach.* 

The  nervous  system  of  Nautilus  differs  in  some  important 
particulars  from  that  of  the  Dibranchiata.  The  cerebral 
ganglia  are  represented  by  a  thick  transverse  cord,  which  lies 
in  front  of  the  oesophagus,  and  from  the  outer  angles  of  which 
the  optic  and  olfactory  nerves  are  given  off,  while  nerves  to 
the  buccal  mass  proceed  fronj  its  anterior  edge.  The  pedal 
ganglia  lie  close  to  the  cerebral  ganglia,  and  are  united  by  a 
slender  commissure,  which  passes  behind  the  gullet.  They 
supply  all  the  brachial  processes  and  the  funnel  with  nerves, 
and  the  short  auditory  nerves  are  connected  with  them.  The 
parieto-splanchnic  ganglia  are,  like  the  cerebral  ganglia,  elon- 
gated, and  together  constitute  a  thick  cord,  which,  united  at 
each  end  with  the  cerebral  ganglia,  forms  a  hoop  round  the  gul- 
let, distinct  from  the  pedal  nerve-arch,  and  separated  from  it 
by  a  process  of  the  cartilaginous  skeleton.    The  largest  nerves 

1  See  Hancock,  "  Anatomy  of  the   Nervous  System  of   OmmaOr^het." 
("  Ann.  Nat.  History,"  1862.) 
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given  off  from  these  ganglia  are  those  which  go  to  the  bran- 
chiae. 

Eyes,  olfactory  organs,  and  auditory  sacs,  are  always 
present.  The  eyes  of  the  Cephalopoda  may  be  lodged  in 
orbital  cavities  at  the  sides  of  the  head,  as  in  all  the  Dibran- 
chiata;  or  may  be  pedunculated,  as  in  NautUus,  In  the 
former  case,  the  eye  is  inclosed  partly  by  the  cephalic  car- 


Pifl.  i«.— S^oia  o^niitt.— The  n 

cerebral;  J",  iSe  pedal :  !i".  Ihi.  ,_ , 

the  iMopliaBai;  o".  tmccal nerves ;   i",  Derves  to  Iheanns 
snperlar;  ff,  tnCiiior  buccal  ganglion.    (AIUii  Ganier.l  > 

tilage,  to  which  sometimss  speeial  orbital  cartilages  are  add- 
ed, and  partly  by  a  fibrous  capsule  continuous  with  tliese. 
The  fibrous  capsule  becomes  transparent  over  the  eye,  and 
gives  rise  to  what  is  variously  interpreted  as  the  represenla- 
tive  of  the  cornea,  or  as  that  of  the  eyelids  of  vertebrated  ani- 
mals. Tiiis  transparent  ooat  is  sometimes  entire,  or  presents 
only  a  amaU  perforation  ( Octopus,  Sepia,  Loligo,  and  the 
other  Myopsidae  of  D'Orbigny) ;  sometimes  it  has  a  wide 
opening,  through  which  the  crystalline  lens  may  project  {Lo- 
ligophee,  Otnmastrepsis,  and  the  other  Oigopsid<e  of  D'Or- 
bigny) ;  and  sometimes  it  is  altogether  absent,  and  the  capsule 
of  the  eye  becomes  an  open  cup  {Ndutiltig). 

In  the  Dibranchiata,*  a  great  part  of  the  chamber  of  the 
capsule  of  the  eye  is  occupied  by  Ae  ganglion,  into  which  the 
optic  nerve  enlarges  after  entering  it ;  by  muscles  ;  and  by  a 
peculiar  white  glandular  substance.     Lining  the  capsule,  but 

■  "  Trans.  Linnfosn  Society,"  1836. 

'  See  Henaen,  "  Deber  das  Auge  einiger  Cophalopoden."  (Zeileehrift  fSr 
aUtmichaftliiA*  ZoologU,  1865.) 
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not  adhering  to  its  inner  surface,  in  front,  is  the  silvery  tape^ 
tum^  formed  of  two  layers.  These  pass  into  one  another  at 
the  edges  of  the  free  prolongation  of  the  tapetum,  which  forms 
the  iris.  Longitudinal  muscular  fibres  are  interposed  between 
the  two  layers  of  the  tapetum.  Under  the  tapetum  is  a  layer 
of  cartilage,  which  forms  the  inner  capsule  of  the  eye,  extends 
as  far  as  the  iris  externally,  and  is  perforated  by  the  fibres  of 
the  optic  nerve  on  its  inner  side.  The  free  edge  of  the  inner 
capsule  gives  attachment  to  a  thick  rim  of  connective  tissue, 
containing  muscular  fibres.  This  so-called  ciliary  body  enters 
the  deep  groove  which  surrounds  the  lens ;  the  latter  is,  in 
fact,  made  up  of  layers  of  structureless  membrane,  which  are 
cuticular  productions  of  the  ciliary  body.  In  shape,  the  lens 
is  elongated  in  the  direction  of  the  axis  of  the  eye,  so  as  to 
be  almost  a  cylinder  with  convex  ends,  and  thus,  with  its  deep 
equatorial  groove,  into  which  the  ciliary  body  fits,  it  has  a 
wonderful  resemblance  to  a  Coddington  lens.  The  vitreous 
humor  is  a  transparent  fluid.  The  retina  lines  the  inner  cap- 
sule, and  may  be  divided  into  an  outer  and  an  inner  stratum, 
separated  by  a  pigment  layer.  The  inner  stratum  is  formed 
of  prismatic  or  cylindrical  rods,  the  outer  ends  of  which  abut 
upon  the  pigment,  while  their  inner  ends,  turned  toward  the 
cavity  of  the  eye,  are  covered  by  a  thick  hyaloid  membrane. 
The  outer  stratum  contains  the  plexus  of  the  fibres  of  the 
optic  nerves,  and  numerous  cells  (ganglionic),  supported  by 
connective  tissue.*  The  terminations  of  the  nerves,  therefore, 
must  traverse  the  pigment  layer  to  reach  the  rods. 

It  will  be  observed  that  the  apparent  resemblances  between 
the  cephalopodous  and  the  vertebrate  eye  are  merely  super- 
ficial, and  disappear  on  detailed  comparison. 

In  Nautilus^  the  eye  has  neither  cornea,  lens,  nor  vitreous 
humor,  but  is  a  mere  cup,  lined  by  the  retina.  The  aperture 
for  the  admission  of  light  is  exceedingly  small. 

The  olfactory  organs,  the  true  nature  of  which  was  dis- 
covered by  Kolliker,"  are  sometimes  pits,  sometimes  papillae 
of  the  integument,  situated  behind  or  above  the  eyes.  In  the 
Teuthidm  and  Sepiadce,  they  are  depressions  above  the  eyes; 
in  the  Octopoda^  they  are  either  depressions  or  papillae  {Ar- 
gonauta  and  Tremoctopus)  in  the  same  position,  but  nearer 
the  anterior  face  of  the  body.  In  Nautilus^  they  are  elon- 
gated, tentaculiform,  and  situated  immediately  behind  the 
eyes. 

1  "  Entwickelungsgeschichte  der  Cephalopoden,"  1841,  p.  107. 
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Id  the  Dtbranchiata,  the  auditory  sacs  are  lodged  in  cayi- 
tiee  of  the  cephalic  cartilage,  and  contain  a  single  large 
otolith,  composed  of  carbonate  of  lime,  and  of  rounded  or 
irregular  but  definite  and  characteristic  form.  In  N^avtilus, 
Dr.  Macdonald  discovered  that  the  auditory  sacs  are  attached 
to  the  pedal  ganglia,  and  are  not  lodged  in  the  cranial  cartilage. 
They  contain  numerous  otoliths. 

An  endoskeleton  formed  of  true  cartilitge  is  developed  in 
the  region  of  the  principal  ganglia,  and  sometimes  furnishes 
them  with  a  complete  inTestment.  It  gives  attachment  to  the 
most  important  muscles.  In  some  Cephalopods  additional 
cartilages  appear  in  the  mantle  and  in  the  funnel.  The  mus- 
cular fibres  of  the  Cephalopoda  are  unstriated. 

The  sexes  are  distinct,  and  the  reproductive  organs  are  un- 
like those  of  other  Mollusks.  They  consist,  in  both  sexes 
(Fig.  139),  of  lamellar  or  branched  organs,  the  cellular  con- 
tents of  H'hich  are  metamorphosed  into  ova  or  spermatozoa, 


Pra.  tM.-ftpJaijJfcinatt),— I.  male  orEani:  t.  teeUs  ;  xi.  vag  dBferenf ;  w,  veBlcola 
■emfnalle;  pr,proatate;  bgp,  reeeplaile  of  llie  epetmatopliores ;  p.  peDlswllD  tlio 
CBnilal  apertnre.    (After  Dnvenioj,)  ,^      ,        _, 

II.  female  senttalorEana:  a,  anna  ;  i,  InleeUne;  00,  ovary  ;  ort'.  oTldncal  npertnre ; 
od,  ovlflncal  gland  ;  gn,  □idamenUil  gland  ;  gn'.,  acceBBory  glanda.  (After  Milne- 
Edwanla.) 

and  which  are  attached  to  one  point  or  line  of  the  wall  of  a 
chamber,  which  communicates  with  the  pallial  cavity  by  two 
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sym metrically  -  disposed  oviducts,  in  the  females  of  some 
species ;  but  in  most  female,  and  almost  all  male,  Cephalo- 
pods '  it  has  only  one  duct,  the  termination  of  which  is  usually 
situated  on  the  left  side,  but  may  be  near  the  middle  line 
(male  Nautilus)^  or  even  on  the  right  side  (female  J^autilus), 
In  the  female,  the  oviduct,  or  oviducts,  present  glandular  en- 
largements. In  addition,  two  lamellar  nidamental  glands  are 
developed  upon  the  walls  of  the  branchial  cavity,  and  to  these 
accessory  glands  may  be  added.  These  glands  secrete  a  vis- 
cid fluid,  which  invests  the  ova,  and  connects  them,  when  laid, 
into  variously-shaped  aggregations.  In  the  male,  a  prostatic 
glaud  furnishes  the  material  of  the  cases,  or  spermatophoreSy 
in  which  packets  of  spermatozoa  are  contained,  and  which 
sometimes  possess  a  very  complicated  structure. 

In  the  Dlhranchiata^  the  sperm atophores  are  slender 
cylindrical  bodies  which  may  reach  half  an  inch  in  length. 
They  have  an  external  structureless  case,  thinner  at  one  end 
than  the  other,  and  often  ending  in  a  fine  filament  at  the  thin 
end.  Within  this  case,  filling  its  thicker  end,  and  as  much  as 
half  or  two-thirds  of  the  rest  of  its  cavity,  is  a  delicate  sac 
full  of  spermatozoa. 

The  rest  of  the  case  is  occupied  by  a  very  singular  elastic 
body,  in  form  somewhat  resembling  the  sponge  of  a  gun  with 
a  spiral  screw  turned  on  the  handle.  The  enlarged  "sponge'' 
end  of  this  body  is  fastened  by  a  delicate  prolongation  to  the 
spermatic  sac,  while  the  "  handle,"  being  too  long  to  lie 
straight,  is  coiled  up  at  the  end  opposite  to  the  sponge,  and 
then  fastened  to  the  outer  case.  When  these  bodies  come 
into  contact  with  water  they  undergo  strange  contortions, 
and  finally,  the  thin  end  of  the  case  giving  way,  the  spring 
frees  itself,  starts  out  of  the  case,  and  drags  with  it  the  sper- 
matic sac.'' 

In  Nautilus^  according  to  Van  der  Hoeven,  the  spermato- 
phores  have  a  much  simpler  structure. 

The  male  Cephalopods  are  distinguished  from  the  females 
by  the  asymmetry  of  their  arms,  one  or  more  of  which,  on 
one  side,  are  peculiarly  modified,  or  hectocotylized. 

Some  Cephalopods  are  devoid  of  any  shell,  but  most  pos- 
sess a  pallial  shell,  which  is  either  external  or  internal.  In 
the  former  case,  the  visceral  sac  is  lodged  within  that  part  of 

»  Keferstein  found  two  ducts  in  a  male  Eledone  moscTiata. 

"  For  the  minute  structure  of  these  curious  spermatic  cartridges,  8ee  Milne- 
Edwards's  elaborate  essay,  "  Observations  sur  les  Spermatophores  des  Mol- 
lusques  C^phalopodes."    ("  Annales  des  Sciences  Naturelles,"  1840.) 
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the  cavity  of  the  shell  which  lies  nearest  its  open  end,  and 
the  rest  of  the  cavity  is  divided  into  chambers,  which  contain 
air,  by  transverse  septa.  The  septa  are  perforated,  and  a  pro- 
longation of  the  mantle — the  siphuncle — is  continued  through 
the  series  of  perforations,  as  far  as  the  apical  chamber  of  the 
shell.  The  internal  shells  of  the  Cephalopods  may  have 
very  various  forms,  and  may  even  be  chambered  and  siphun- 
culated ;  but,  in  this  case,  the  chamber  nearest  the  mouth  of 
the  shell  is  small,  and  incapable  of  lodging  the  viscera. 

Our  knowledge  of  the  development  of  the  Cephalopods  is 
confined  to  that  of  the  Dihranchiata?  In  these,  the  yelk 
undergoes  partial  division,  and  the  blastoderm,  formed  upon 
one  face  of  it  by  the  smaller  blastomeres,  spreads  gradually 
over  the  whole  ovum,  inclosing  the  larger  and  more  slowly- 
dividing  blastomeres.  The  mantle  makes  its  appearance  as 
an  elevated  patch  in  the  centre  of  the  blastoderm,  while  the 
future  arms  appear  as  symmetrically-disposed  elevations  of 
the  periphery,  on  each  side  of  the  mantle.  Between  these 
and  the  edge  of  the  mantle,  two  longitudinal  ridges  mark  the 
rudiments  of  the  epipodia,  while  the  mouth  appears  in  the 
middle  line,  in  front  of  the  mantle,  and  the  anus,  with  the 
rudiments  of  the  gills,  behind  it.  The  rest  of  the  blastoderm 
forms  the  walls  of  a  vitelline  sac,  inclosing  the  larger  blasto- 
meres. 

The  pallial  surface  now  gradually  becomes  more  and  more 
convex,  the  posterior  margin  of  the  mantle  growing  into  a 
free  fold,  which  incloses  the  pallial  chamber  and  covers  over 
the  gills. 

The  internal  shell  is  developed  in  a  sac  formed  by  an  in- 
volution of  the  ectoderm  of  the  mantle.  The  epipodia  unite 
behind,  and  give  rise  to  the  funnel,  while  the  anterolateral 
portions  of  the  foot  grow  over  the  mouth,  and  thus  gradually 
force  the  latter  to  take  up  a  position  in  the  centre  of  the  neu- 
ral face,  instead  of  in  front  of  it.  The  yelk-sac  gradually 
diminishes,  and  the  contained  blastomeres  are  finally  taken 
into  the  interior  of  the  visceral  sac,  into  which  the  alimentary 
canal  is  gradually  drawn. 

The  Cephalopoda  are  divided  into  two  very  distinct 
groups,  the  Tetrahranchiata  and  the  Dibranchiata. 

The  Tetrahranchiata  possess  an  external  chambered  si- 

*  KoUiker,  "  Entwickelungsgeschichte  der  Cephalopoden,"  1841.  Gre- 
nadier, *'  Zur  Entwickelungspjescliichte  der  Cephalopoden "  (Zeitschrift  fur 
wies,  Zoologie^  1876).  Lankester,  "Observations  on  the  Cephalopoda" 
{Quarterly  Journal  of  Mcr.  Science^  1875). 
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pliunculated  ehell.  The  terminal  chamber  is  much  larger  than 
any  ol  the  rest,  and  the  body  of  the  animal  can  be  almost 
completelj  retracted  into  it.  When,  as  io  the  only  existing 
genus,  JVautilm '  (Fig.  130),  the  shell  is  coiled  into  a  flat, 
Bymmetrical  spiral,  its  apex  lies  on  the  anterior  face  of  the 
body,  and  the  outermost  chamber,  into  which  the  whole  body 
can  be  retracted,  is  consequently  posterior  to  the  axis  of  the 
helix.  In  Nautilus,  the  brachial  processes  are  short,  and  |io£- 
sess  no  acetabula  such  as  exist  in  the  Dibraticftiata,  but  the 
margins  of  the  foot  are  produced  externally  into  a  sort  of 
sheath,  which,  in  front,  has  the  form  of  a  broad  hood  with  a 
tuberculated  surface  ;  while,  at  the  sides,  it  is  divided  into 
many  processes  of  unequal  lengths.  Behind,  the  halves  of 
the  sheath  are  separated  throughout  the  greater  part  of  their 
length  by  a  wide  interval,  but  are  united  above  by  a  thick 


onn-hornvrme:  u,  abell-miiMlB  ;  OD,  ovary  ;  ffo/.  o'WBCal  gUnn;  roA',  Blthon- 
cle ;  ek.  black  part  of  the  pIibU  andfr  the  108111161/ ;  *n,  proceM  of  Ifie  cartilagl- 
noue  akeletsnlnto  the  ruuoel.    {After  Ketereieiii.) 

muscular  isthmus.  The  central  portion  of  the  sheath  is  a 
broad,  triangular,  hood-like  plate,  the  apex  of  which  is  free. 
It  contains  two  long,  narrow  cavities,  each  of  which  lodges  a 
tentacle.     The  tentacle  consists  of  a  slender  stem,  on  which 

'  Owen,  "  Memoir  on  the  Pearly  Nautilua,"  ISSS.  Van  der  Hoeven,  "  An- 
aalea  des  ScienoeB  Naturelles,"  1866.  Kefent«ln  in  Bronn'e  "  klasfien  n. 
OrdnuDgeD." 
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are  set  a  great  number  of  transverse  plates,  in  such  a  manner 
that  the  axis  of  the  stem  passes  through  the  centre  of  the 
plates.  The  anterior  and  lateral  regions  of  tlie  hood  are 
completed  by  two  narrower  processes,  each  of  which  contains  a 
similar  tentacle,  and  the  lateral  portions  of  the  sheath  are 
formed  by  sixteen  or  seventeen  smaller  tentaculiferous  pro- 
cesses, the  surfaces  of  which  are  more  or  less  distinctly  an- 
nulated.  When  the  sheath  is  opened  out,  there  is  seen  to  be 
attached  to  its  inner  surface,  on  each  side,  close  to  the  reen- 
tering angle  between  it  and  the  lip  which  surrounds  the  beak, 
and  along  the  line  of  junction  of  the  lateral  part  of  the  sheath 
with  the  isthmus,  a  thin,  free,  quadrate  lobe,  which  carries 
twelve  tentacles.  The  isthmus  joins  the  posterior  edges  of 
these  outer  tentaculiferous  lohes^  as  well  as  those  of  the  two 
halves  of  the  sheath,  and  it  exhibits  on  its  anterior,  or  inner, 
surface  a  broad  area  beset  with  delicate,  close-set,  curved 
laminae.  Two  other  similar,  but  much  thicker,  inner  tenta- 
culiferous lobes,  which  also  carry  twelve  tentacles,  lie  be- 
tween these  and  the  lip.  They  are  quite  free  from  the  outer 
tentaculiferous  lobes,  and  unite  with  the  sheath  only  above 
and  behind.  Like  the  halves  of  the  sheath,  these  two  lobes 
are  united  behind  by  a  thick  isthmus,  the  surface  of  which 
presents  a  number  of  parallel  longitudinal  laminae.  The 
beak,  which  is  hidden  by  the  sheath  and  the  lobes,  is  sur- 
rounded by  the  thin  circular  lip  already  mentioned,  the  free 
margin  of  which  is  papillose.  Besides  these,  there  is  a  short, 
conical  tentaculiferous  process  above  the  pedunculate  eye,  and 
another  below  it.  In  the  male,  the  internal  tentaculiferous 
lobes  are  wanting,  and  the  outer  tentaculiferous  lobes  ai*e 
divided  into  two  portions,  an  anterior  which  bears  eight,  and 
a  posterior  with  four,  tentacula.  On  the  left  side,  the  four 
tentacles  of  the  posterior  division  have  undergone  much  mod- 
ification, and  are  converted  into  a  peculiar  organ  termed  the 
spadix^  which  bears  a  discoidal  follicular  gland  upon  its  outer 
surface.  There  is  thus  a  kind  of  hectocotylization  in  the 
Tetrabranchiata, 

The  margins  of  the  united  epipodia  are  not  united  into  a 
tubular  funnel.  They  constitute  a  muscular  membrane,  nar- 
row on  the  anterior  face  of  the  body,  but  becoming  wide,  and 
folded  in  such  a  manner  that  its  posterior  edges  overlap,  be- 
hind. 

The  mantle  has  a  broad  anterior  fold,  which  covers  the 
anterior  convexity  of  the  shell,  and  the  region  which  it  thus 
invests  is  black.     The  pallial  chamber  does  not  extend  for 
20 
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more  than  three-fifths  of  the  length  of  the  body,  and  is  there- 
fore much  less  deep  than  in  the  Dihranchiata,  The  anus 
opens  in  the  middle  line  on  the  posterior  wall  of  the  pallial 
cavity,  close  to  its  junction  with  the  anterior  wall.  The  four 
branchiaB  are  attached,  two  on  each  side  of  the  anus,  to  the 
posterior  wall  of  the  branchial  chamber,  and  the  inner  branchia 
is  shorter  than  the  outer.  The  nidamental  gUnds,  composed 
of  numerous  vertical  lamellse,  partly  covered  by  a  fold  of  the 
lining  membrane  of  the  pallial  cavity,  are  situated  ou  the 
posterior  wall  of  that  cavity,  almost  midway  between  ita 
union  with  the  anterior  wall  and  its  free  edge.  The  pairecj 
renal  chambers  lie  immediately  above  them  also,  in  the  posi- 
terior  wall  of  the  pallial  cavity. 

The  buccal  mass  is  very  large,  its  length  amounting  to 
one-third  that  of  the  body.  The  apices  of  the  great  horny 
beaks  are  obtuse,  and  are  coated  with  a  calcareous  deposit. 
The  oesophagus  dilates  into  a  wide  crop  and  is  separated  by 
a  constriction  from  the  stomach,  the  chitinous  lining  of  which 
is  thick  and  ridged.  The  pyloric  caecum  is  small  and  rounded, 
and  the  intestine  makes  two  bends  upon  itself  before  reaching 
the  anus.  Salivary  glands  appear  to  be  wanting,  unless  cer- 
tain glandular  bodies  placed  within  the  buccal  mass  should, 
be  of  this  nature. 

The  liver  is  a  loosely  racemose  gland,  divided  into  four 
lobes,  and  is  lodged  in  the  anterior  part  of  the  perivisceral 
cavity.  There  is  no  ink-bag,  and  there  are  no  branchial 
hearts.  The  quadrate  systemic  heart  is  situated  on  the  left 
side  of  the  posterior  face  of  the  body,  close  to  the  junction 
of  the  posterior  with  the  anterior  wall  of  the  pallial  cavity. 
It  receives  four  branchio-cardiac  veins  ;  and,  attached  to  it,  is 
a  pyriform  sac,  which,  according  to  Keferstein,  opens  into  the 
pallial  cavity. 

The  cartilaginous  skeleton  supports  the  pedal  and  parieto- 
splanchnic  ganglia,  but  does  not  encircle  the  gullet,  or  roof 
over  the  cerebral  ganglia.  Two  long  processes  of  the  skele- 
ton pass  into  the  funnel  and  give  attachment  to  its  muscles. 
Two  large  shell-muscles  are  attached  to  it;  and,  passing  up- 
ward and  outward,  are  inserted  into  oval  chitinous  patches 
visible  on  the  outer  surface  of  the  mantle,  and  connected  to- 
gether by  a  thin  ring  of  the  same  substance  (the  anntdiM) 
which  encircles  ther  mantle. 

The  oviduct  does  not  arise  directly  from  the  sac  in  which 
the  ovary  is  lodged,  but  from  a  distinct  chamber,  into  which 
the  ovarian  sac  opens.      A  large  albumen-gland  pours  its 
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secretion  ipto  the  ovarian  sac.  :The  vas  deferens  similarly 
takes  its  origin,  not  from  the  sac  of  the  testis  but  from  a 
smaller,  chamber  communicating  therewith.  The  commence- 
ment of  the  vas  deferens  is  enlarged  and  glandular.  Nothing 
is  known  of  the  development  of  the  Tetrabranchiata. 

The  only  existing  representatives  of  the  Jhtrabranchiata 
are  the  different  varieties  of  "pearly  nautilus"  {NautUita 
ppmpUius)^  which  are  found  in  the  southern  seas,  living  at 
the  bottom  at  a  considerable  depth.  The  genus  is  one  of  the 
oldest  in  existence,  since  it  is  traceable  through  the  whole 
series  of  fossiliferous  rocks  as  far  back  as  the  Silurian 
epoch. 

Along  with,  it,  in  the  Palaeozoic  formations,  occur  numer- 
ous closely-allied  forms,  which  differ  from  Nautilus  mainly  in 
the  different  cmrvature  (Lituites^  Gyroceraa^  Trochoceras)  or 
straightness  (Orthoceraa^  Gomphoceras)  of  the. shell,  and  in 
the  varying  position,  proportions,  and  degree  of  calcification 
of  the  siphuncle. 

In  the  middle  of  the  Palaeozoic  strata  (Devonian),  Tetra- 
branchs  {Ammonitidod)  appear,  in  which  tlie  margins  of  the 
septa  are  strongly  bent,  whence  their  edges  appear  as  zigzag 
transverse  lines,  folded  into  lobes  and  rnddlea^  when  the  outer 
layer  of  the  shell  is  worn  away  (  GoniatiteSy  Ceratites) ;  and, 
in  the  Mesozoic  epoch,  the  lobes  and  saddles  become  extreme- 
ly complicated,  while  the  shells  may  be  straight,  simply 
curved,  or  bent,  or  turbinated  (Ammonites^  JBaculiteSy  Turri' 
litea).  The  AmmonitidcB  are  extraordinarily  numerous  in 
the  Mesozoic  epoch,  but  no  trace  of  them  has  been  found  in 
tertiary  or  quaternary  formations. 

Asspciated  with  Am77ionites^  and  not  unfrequently  lodged 
in  the  terminal  chamber  of  the  shell,  are  the  so-called  AptychL 
These  are  plates  of  a  shelly  substance,  three-sided,  with 
rounded-off  angles,  and  applied  together  by  their  straightest 
edges  so  as  to  resemble  bivalve  shells.  They  consist  of  two 
layers,  an  inner  and  an  outer,  of  which  the  inner  presents 
lines  of  growth,  concentric  with  the  angle  of  each  plate  which 
is  situated  on  that  side  of  its  broad  end  which  is  applied  to 
its  fellow.  The  outer  layer  is  composed  of  many  laminae,  and 
is  traversed  by  pores.  Its  free  surface  frequently  presents 
lonp'itudinal  ridges.  The  heart-shaped  plates,  undivided  by 
a  suture,  which  are  found  in  some  Gofiiatites  and  Ammonites^ 
are  termed  Anaptychi. 

The  Aptychiy  when  undisturbed,  occupy  the  middle  of  the 
posterior  wall  of  the  terminal  chamber  of  the  Ammonite,  and 
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have  their  bases  toward  its  mouth.      Nothing  is  certainly 
known  as  to  the  nature  of  the  Aptychi  or  AnaptychV 

In  the  Dibranchiata^  the  margins  of  the  foot  are  pro- 
duced into  not  fewer  than  eight,  nor  more  than  ten,  arms, 
which  are  provided  with  acetabular  or  suckers.  Each  ace- 
tabulum is  a  sessile  or  stalked  cup,  from  the  bottom  of  which 
rbes  a  plug,  which  nearly  fills  the  cup,  but  can  be  retracted 
by  the  action  of  muscular  fibres  attached  to  it.  When  the 
margins  of  the  acetabulum  are  applied  to  any  surface,  and 
the  plug  is  retracted,  a  partial  vacuum  is  created,  and  the 
acetabulum  is  caused  to  adhere  to  the  surface  by  atmospheric 
pressure.  The  edges  of  the  acetabula  are  frequently  strength- 
ened by  chitinous  rings,  and  these  may  be  serrated  (Fig.  124, 
B),  and  are  sometimes  produced  into  long,  curved  hooks. 

The  margins  of  the  united  epipodia  are  not  only  folded 
inward,  but  coalesce  so  as  to  give  rise  to  a  tubular  funnel, 
through  which  the  water  taken  into  the  branchial  sac  for 
respiratory  purposes  is  ejected.  Very  often,  a  valve  which 
prevents  the  flow  of  water  back  into  the  mantle  cavity  is  de- 
veloped within  the  funnel.  There  are  two  branchiae,  and  the 
anus  terminates  between  them  in  the  anterior  wall  of  the 
branchial  sac,  on  which  also  the  nidamental  glands  are  situ- 
ated. The  apices  of  the  horny  beaks  are  acutely  pointed, 
and  not  ensheathed  in  calcareous  matter.  The  liver  is  usual- 
ly a  compact  mass.  A  peculiar  gland,  which  secretes  an  ex- 
tremaly  dark  fluid — the  so-called  ink — and  has  the  form  of  an 
oval  or  pyriform  sac  (the  ink-bag)  ^  with  a  long  duct  which 
opens  into,  or  close  to,  the  rectum,  is  lodged  sometimes  in 
the  liver,  sometimes  further  back  (Fig.  126,  I.).  The  ink  is 
ejected  when  the  animal  is  alarmed,  and  gives  rise  to  a  dark 
cloud  in  the  water,  by  which  its  retreat  is  covered.  There 
are  two  branchial  hearts. 

The  eye  is  lodged  in  an  orbit  and  is  provided  with  a  lens. 
The  cartilaginous  endoskeleton  forms  a  ring  surrounding  the 
gullet  and  enveloping  the  principal  ganglia.  There  is  usually 
an  internal  pallial  shell.  It  may  be  chambered  and  siphun- 
culated,  but  in  this  case  the  last  chamber  is  small,  and  hardly 
larger  than  the  others. 

The  Dibranchiata  are  divided  into  the  Octopoda  and  the 
Decapoda,  The  Octopoda  have  eight  arms,  and  possess  no 
pallial  shell.  But,  in  the  female  of  one  genus  {Argonauta^ 
th3  "paper  Nautilus,"  Fig.  131),  the  extremities  of  the  an- 

» See  the  discussion  of  this  question  by  Keferstein,  in  Bronn's  "  Thierreieh." 
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tenor  pair  of  arms  are  greatly  expanded,  and,  beings  turned 
back  over  the  mantle,  secrete  an  elegant  ahelly  etructure 
which  covers  the  bodv,  and  serves  for  the  attachment  of  the 


Fi8.  Itl.— itfyonovHa  argo.—A,tetna,le  with  tbe  expanded  anna  In  Iheir  i 
poBltiuu,  smbnclEg  llie  aliens,-  d,  Uie  other  sli  anna;  a,  tbehmnaL    i 


Fia.  la.—ArgoHmUa  argo,  male,  with  the  HtdocotytiiMLtni  attrcbed. 

eg^.  In  this  ^^enus,  and  in  some  other  Octopoda  (  Octoput 
carina,  Tremoctopua  violaceus,  and  T.  Quoi/t'nus),  the  male 
is  very  much  smaller  than  the  female,  and  gives  rise  to  a 
Heetocotyhii. 

In  Argonauta  argo  (Figs.  133, 133),  it  is  tbe  third  arm  on 
the  left  side  which  becomes  thus  modified.  At  first  it  has 
the  form  of  a  sac,  within  which  the  slender  terminal  part  of 
the  arm  ia  coiled  up  {Fi&  133,  B).  The  sac  splits  to  give 
exit  to  the  latter  (Fig.  132),  and  its  two  halves  reunite  on  tbe 
outer  face  of  the  base  of  the  arm  to  form  a  chamber,  which 
becomes  filled  with  spermatophores  in  a  manner  not  yet  un- 
derstood.    During  sexual  union  the  arm  thus  charged  with 
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eemen  is  detached  and  left  in  the  mantle  cavity  of  the  female 
(Fig.  133,  A).  When  first  discovered  it  was  regarded  as  a 
paraaite,  and  termed  Tric/tocephalui  acetabularis  by  Delle 


Fie.  ISi.—Animaata  argo.—'R.  male,  wtth  theheetocotjIlEed  ann  loclOMd  In  ita  uc: 
I.  S,  S.  4,  Ihe  other  srinB  nt  the  rigbt  aide  ;  and  I',  !',  4',  iliose  of  the  lull  side.  A, 
the  hectocotjlaB  detaclied. 

Chiaje,  while  the  corresponding  body  found  in  an  Octopus 
was  called  Hectocotylus  octopodif  by  Cuvier. 

In  TremoctopuB,  it  is  the  third  arm  on  the  right  aide 
which  becomes  the  ITectocotylua.  In  other  Octopoda^  one 
or  other  arm  is  peculiarly  modified,  but  does  not  become 
detftched  or  serve  as  a  receptacle  for  the  sperm  a  toph  ores. 

The  Deeapoda  have  ten  arms,  two  of  which  are  usually 
much  longer  than  the  rest,  and  can  be  protruded  from,  or  re- 
tracted into,  sockets.  The  acetabula  have  homy  rims,  which 
may  take  on  the  form  of  hooks. 

Hectoootylization  does  not  go  further  than  a  modification 
of  the  form  of  one  of  the  arms.  There  is  always  an  internal 
shell,  which  is  either  a  pen,  a  aepiostaire,  a  phragmocone,  or 
a  combination  of  the  latter  with  a  pen. 

'  SteenBtrap.  "  Die  Hectocotylenbildans  bei  Argattaula  und  TrtmottDjmi 
erklSrt  dnroh  Beobachtuniten  fiholiober  Bildiuigep  bei  iJeQ  Cephalopoden." 
("  ArehiT  fllr  NBtui^BscliiohtB,"  18M.) 
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The  TeuthidcBy  or  Squids,  are  characterized  bj  possessing 
a  pen.  This  is  a  lamellar,  chitinous  body,  strengthened  by 
one  or  more  longitudinal  ridges,  which  lies  in  a  sac  lodged 
in  the  anterior  wall  of  the  body,  by  the  lining  membrane  of 
which  it  is  secreted.  The  posterior  end  of  the  pen  is  com- 
monly broad,  and  its  sides  may  be  infolded  so  as  to  form  a 
conical  cup  ( Ommastrephes), 

In  the  SepiadoB,  or  Cuttle-fishes,  the  sepiostaire,  or  "  cuttle- 
bone,"  which  occupies  the  same  position  (Fig.  125,  «A),  is 
composed  of  a  broad  plate  answering  to  the  pen,  and  likewise 
infolded  at  its  apex  so  as  to  give  rise  to  a  short  cone,  but  cal- 
cified. On  the  inner  face  of  this  plate  a  great  number  of  deli- 
cate calcified  laminae,  connected  by  numerous  short  columns, 
form  a  spongy  tissue,  which  is  full  of  air.* 

In  the  SpirulidoBj  represented  by  the  solitary  genus  Spi- 
rula^  which  is  among  the  rarest  of  animals  in  museums, 
though  its  shells  are  found  piled  up  in  countless  millions  on 
the  beaches  of  the  islands  of  the  Pacific,  the  shell  is  spirally 
coiled  and  divided  by  septa,  perforated  by  a  siphuncle,  into 
chambers.  The  last  chamber  of  this  phragmocone,  however, 
is  no  larger  than  its  predecessor,  and  the  shell  is  held  in  posi- 
tion by  lateral  processes  of  the  mantle,  which  are  united  over 
it,  and  probably  represent  the  walls  of  the  sac  in  which  the 
shell  was  primitively  formed.  The  last  chamber  of  the  shell 
lies  in  front  of  the  axis  of  the  helix  ;  the  shell  is  therefore 
coiled  in  the  opposite  direction  to  that  of  NautilrM. 

In  certain  extinct  genera  (e.  g.,  Spirulirostra)^  a  shell  like 
that  of  Spirula  is  inclosed  in  a  dense  and  laminated  pointed 
sheath,  like  the  hinder  end  of  a  sepiostaire,  or  of  the  pen  of 
an  Ommastrephes. 

In  the  Belemnitidm  (Pig.  134),  which  abounded  in  the 
Mesozoic  epoch,  but  have  been  extinct  since  that  time,  a 
straight  phragmocone  is  inclosed  within  a  more  or  less  coni- 
cal, calcified,  laminated  structure,  the  guard  or  rostrum,^ 
which  is  continued  forward  into  a  variously-shaped,  usually 
lamellar,  pro-ostracum.  The  pro-ostracum  and  the  rostrum 
together  represent  the  pen  in  the  Teuthidce. 

The  rare  specimens  of  Bdemnitidoe  in  which  the  fossil- 

»  The  planes  of  the  superimposed  parallel  laminaa  form  an  acute  angle  with 
that  of  the  principal  plate  of  the  sepiostaire.  The  connecting  columns  are 
placed  perpendiculariy  to  the  laminae  between  which  they  are  interposed,  and 
may  be  simple  or  branched.  When  the  young  Sepia  leaves  the  egg,  the  sepi- 
ostaire already  contains  air. 

»  Owen,  "  Zoology  of  the  Samarang,"  1848. 
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ized  soft  parts  are  retained,  show  that  the  arms  wei 
vided  with  hooks,  and  that  there  was  a  large  ink-bag.' 


e,  luk-b>g  \  d,  phmgmocons  ;  e,  gnanL 

("  Memoirs  of  the  Geolopoal 


THE  DIBRANCHIATA.  466 

The  genus  Acanthoteuthis  ^  {Belemnoteuthis^  Pearce) — 
one  of  the  Belemnitidce^  in  which  the  guard  is  almost  rudi- 
mentary, while  the  pro-ostracum  is  large  and  penlike— oc- 
curs in  the  Trias,  and  is  the  earliest-known  Dibranchiate 
Cephalopod.  The  ordinary  JBelemnitidcB  abound  from  the 
Lias  to  the  end  of  the  Mesozoic  period,  after  which  they 
disappear.  The  SepiadoB  first  appear  in  the  latter  half  of 
the  Mesozoic  epoch ;  while  the  TeuthidcB  are  represented  by 
genera  closely  allied  to  existing  forms  {TeuthopsiSy  JBeiem- 
nosepia)  as  early  as  the  Lias. 

»  Owen,  **  A  Description  of  Certain  BelemniteB,''  etc.    ("  Phil.  TranB.," 
1844.) 


CHAPTER  IX. 

THB  BOHINODBBMATA* 

The  Echinoderms  are  exclusively  marine  animals.  They 
are  always  provided  with  a  skeleton,  composed  of  calcareous 
spicula,  which  commonly  unite  into  networks,  and  give  rise 
to  definite  skeletal  plates.  These  generally  become  connect- 
ed with  one  another  by  joints  or  sutures,  but  sometimes  re- 
main distinct.  A  more  or  less  spacious  peritoneal  cavity 
separates  the  walls  of  the  body  from  those  of  the  alimentary 
canal.  The  nervous  system,  in  those  Echinoderms  in  which 
it  has  been  most  satisfactorily  made  out,  presents  a  ring, 
which  surrounds  the  gullet,  and  gives  off  radiating  longitudi- 
nal cords.  A  remarkable  system  of  vessels,  termed  ambula- 
crcUy  which  also  form  a  ring  around  the  gullet,  is  highly  char- 
acteristic of  the  Echinodermata,  The  most  conspicuous  and 
familiarly-known  Echinoderms — the  Star-fishes  {Asterideajy 
Brittle-stars  (Ophiuridea)^  Sea-urchins  {JSchinidea)^  and 
Feather-stars  (Grinoidea) — have  a  marked  radial  symmetry  ; 
similar  parts,  usually  to  the  number  of  five,  being  arranged 
around  a  central  axis ;  and  the  body  is  spheroidal,  discoidal, 
or  stellate.  The  Sea-cucumbers  and  Trepangs  {Holothurided) 
are  elongated  and  vermiform  ;  but  the  radial  symmetry  is 
still  traceable  in  the  arrangement  of  the  oral  tentacula,  the 
nervous,  and  the  ambulacral  systems.  It  is  to  be  remarked, 
however,  that,  in  many  Echinoderms,  the  radial  symmetry, 
even  in  the  adult,  is  more  apparent  than  real ;  inasmuch  as  a 
median  plane  can  be  found,  the  parts  on  each  side  of  which 
are  disposed  symmetrically  in  relation  to  that  plane.  With 
a  few  exceptions,  the  embryo  leaves  the  egg  as  a  bilaterally 
symmetiical  larva,  provided  with  ciliated  bands,  and  other- 
wise similar  to  a  worm-larva,  which  may  be  termed  an  Echi" 
nopcedium.  The  conversion  of  the  Echinopsedium  into  an 
Echinoderm  is  effected  by  the  development  of  an  enteroooele, 
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and  its  conversion  into  the  peritoneal  cavity  and  tbe  ambnla- 
Gr&l  sjstem  of  vessels  and  nerves ;  and  hj  the  metamorphosis 


and  IbP  pinlfiifarm  Opblurld  or  BclilDld  Ip.  C)  liris  an  derlTed  ;  D.  IV.  Taiin)»r 
aod  more  acitmiced  BtageB  of  tbe  Asterld  (Biohmaria)  taiT»  ;  a.  inontti :  6.  itom- 
Bcb  ;  c.  IntB^ttDG ;  d,  itniu ;  <,  tdllated  baud  ;  a-.  Mcond  or  Balertor  cillBUd  citdel 
or  SijHiuuiTia. 

of  the  mesoderm  into  radially -dispKised  antimerea,  the  result 
of  which  is  the  more  or  leas  complete  obliteration  of  the 
primitive  bilateral  symmetry  of  the  animal. 

1.  The  Holothhridba. — The  study  of  the  structure  of 
the  Echinoderms  may  best  be  commenced  with  the  members 
of  this  division,  which,  in  many  respects,  deviate  least  from 
Buch  worms  as  the  Gepkyrea. 

In  the   Sj/naptcB,   for   example   (Fig.  136),  the  body  is 
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greatly  elongated  and  cylindrical,  the  mouth  being  placed  at 
one  end  and  the  anus  at  the  other.  The  oral  aperture  is  sit- 
uated in  the  centre  of  a  circle  of  tentacula,  and  the  gullet 
leads  from  it  to  an  alimentary  canal,  without  marked  distinc- 
tion of  stomach  and  intestine,  which  extends  through  the 
body,  and  is  connected  by  a  mesentery  with  the  parietes  of 
the  latter.  The  wall  of  the  alimentary  canal  presents  extern 
pal  circular,  and  internal  longitudinal,  muscular  fibres,  and 
its  cavity  is  lined  by  a  cellular  endoderm. 

The  body-wall,  or  perisomay  consists  of  an  external  cellu- 
lar ectoderm,  covering  a  layer  of  connective  tissue  within 
which  are  circular  and  longitudinal  muscular  fibres.  The  lat- 
ter are  disposed  in  five  bands,  attached  anteriorly  to  a  corre- 
sponding number  of  the  pieces  of  a  calcareous  ring  which 
surrounds  the  gullet  (Fig.  136,  E).  The  separate  ossicles 
which  compose  this  ring  are  usually  ten  or  twelve  in  number, 
and  the  five  to  which  the  longitudinal  muscles  are  attached 
are  notched  or  perforated  for  the  passage  of  the  ambulacral 
nerves,  which  proceed  from  the  circum-cesophageal  nerve  to 
the  parietes  of  the  body. 

The  integument  contains  numerous  perforated,  flat,  calca- 
reous plates,  to  which  protruding  anchor-like  hooks  of  the 
same  substance  are  attached  (Fig.  136,  F).  According  to 
Semper,  these  anchor-like  bodies  are  developed  in  special 
sacs  with  an  epithelial  lining.* 

A  spacious  peritoneal  cavity  lies  between  the  parietes  of 
the  body  and  the  alimentary  canal,  and  the  cells  which  line  it 
are  more  or  less  extensively  ciliated.  Pedunculated  ciliated 
cups  are  attached  to  the  mesentery. 

The  circular  vessel  of  the  ambulacral  system  surrounds  the 
gullet  below  the  calcareous  ring  (Fig.  136,  E,  A).  Posterior- 
ly, it  gives  off  various  caecal  prolongations,  which  depend 
freely  into  the  peritoneal  cavity.  Some  of  these — ^the  Polian 
vesicles — are  mere  caeca ;  but,  in  addition,  there  are  one  or 
more  tubular  prolongations,  the  perforated  extremities  of 
which  are  invested  by  a  calcareous  network,  and  are  termed 
the  madreporic  canals.  Through  the  openings  in  the  free 
end  of  the  madreporic  canal,  the  interior  of  the  ambuliacral 
system  communicates  with  the  peritoneal  cavity.  Anterior- 
ly, the  circular  vessel  gives  off  branches  to  the  tentacula. 
These  pass  between  the  calcareous  ring  on  the  outer  side, 

1  See^  on  this  and  all  points  relating  to  the  structure  of  the  Holotfmridea^ 
the  beautiful  monograph  oy  Semper,  "Reisen  im  Archipel  der  Philippinen." 
("  Wissenschaftiiche  Besultate,"  Bd.  i. :  Hblothurten,) 
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and  the  anterior  end  of  the  alimentary  canal  and  the  nerve- 
ring  on  the  inner  side.  As  each  enters  its  tentacle,  it  dilates 
and  sends  down  a  short  csecal  prolongation  on  the  outer  side 
of  the  calcareous  ring.  The  ambulacral  vessels  are  tilled  with, 
a  fluid  containing  numerous  nucleated  cells. 

Contractile  vessels,  which  accompany  the  intestine,  and 
lie  on  opposite  sides  of  it,  filled  with  a  similar  corpusculated 
fluid,  seem,  notwithstanding  the  difference  in  their  contents, 
to  represent  the  pseud-haemal  vessels  of  the  Annelids.  These 
vessels  do  not  extend  into  the  parietes  of  the  body. 

The  nervous  system  consists  of  a  ring  which  lies  superfi- 
cial to  the  circular  water-vessel,  and  from  which  five  principal 
equidistant  cords  proceed.  These  pass  througli  the  apertures 
or  notches  in  the  circum-oesophageal  plates  already  mentioned, 
and  each  proceeds  along  the  middle  line  of  one  of  the  longi- 
tudinal muscular  bands,  to  the  opposite  extremity  of  the 
bodv.  ^ 

The  ambulacral  nerves  appear  to  be  hollow ;  or  perhaps  it 
would  be  more  correct  to  regard  them  as  thickenings  in  the 
wall  of  a  neural  canal,  as  they  are  in  the  Asteridea^ 

The  genital  gland  is  single,  and  opens  near  the  oral  end 
of  the  body,  in  the  line  of  the  attachment  of  the  mesentery. 
The  branched  caecal  tubuli  of  which  it  is  composed  contain 
both  ova  and  spermatozoa,  so  that  the  Synaptce  are  her- 
maphrodite. In  the  majority  of  the  Sblothuridea,  however, 
the  sexes  are  distinct. 

In  other  Holothuridea^  the  skeleton  may  attain  a  much 
greater  development,  and  even  take  the  form  of  conspicuous 
overlapping  plates  {Psolus).  Moreover,  the  circular  vessel 
of  the  ambulacral  system  not  only  gives  origin  to  Polian  vesi- 
cles, madreporic  canals,  and  tentacular  vessels,  but  five  canals 
proceed  from  it,  pass  through  holes  or  notches  in  those  cir- 
cum-oesophageal plates  to  which  the  longitudinal  muscles  are 
attached,  together  with  the  nerves,  and  run  backward,  along 
the  centre  of  the  area  occupied  by  these  muscles,  on  the  deep 
or  inner  side  of  the  longitudinal  nerve.  These  are  the  radial 
ambulacral  vessels.  In  the  higher  Holothuridea^  each  radial 
ambulacral  vessel  gives  off  many  lateral  branches;  these  enter 
contractile  processes  of  the  body-wall,  which  subserve  loco- 

»  Accordinsr  to  Greef  ("  Ueber  den  Bau  der  Eohinodermen,"  3te  Mittheilung, 
Sitzungsberichte  der  Gesellschaft  zu  Marburgf,  1872),  another  canal  lies  super- 
ficial to  the  ambulacral  nerve  in  the  Holothuridm^  and  represents  the  ambu- 
lacral groove  of  the  star-flshes.  Teuscher,  "  Beitrage  zur  Anatomic  der  Echi- 
nodermen"  {Jenaische  Zeitsohrift,  1876),  however,  raalntams  that  this  superfi- 
cial canal  is  an  artificial  product. 
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motion^  and  are  the  ambulacralfeetj  suckers^  or  pedicels.  In 
accordance  with  the  disposition  of  the  ambulacral  vessels,  the 
pedicels  are  usually  disposed  in  five  longitudinal  bands,  which 
are  the  ambulacra.  Sometimes  {Psolus)  the  pedicels  are  sup- 
pressed in  two  of  the  five  ambulacra,  and  the  other  three  are 
disposed  upon  a  flattened  surface  upon  which  the  animal 
creeps. 

In  the  higher  Holothurids,  the  intestine  terminates  in  a 
distinct  cloaca,  into  which  two  hollow  ramified  organs,  which 
lie  in  the  perivisceral  cavity,  open.  The  ramifications  of  one 
of  these  are  received  between  the  meshes  of  a  special  plexus 
of  the  pseud-haemal  vessels.  Water  is  taken  into,  and  ex- 
pelled out  of,  the  cloaca  and  these  appendages,  which,  doubt- 
less, subserve  an  excretory  function,  and  are  commonly  called 
respiratori/  trees.  It  seems  probable  that  the  ultimate 
branches  of  these  organs  open  directly  into  the  perivisceral 
cavity.* 

The  Cuvierian  organs  are  simple  or  branched  appendages 
of  the  cloaca,  the  function  of  which  is  unknown.  The  inte- 
rior of  these  organs  is  occupied  by  a  solid  substance,  some- 
times of  a  viscid  nature.  In  some  Solothuridea^  the  anal 
aperture  is  provided  with  a  circlet  of  calcareous  plates. 

In  many  of  the  higher  -Holothurids  the  pseud-hsemal  vas- 
cular system  attains  a  great  complexity,  and  its  branches 
not  only  extend  over  the  alimentary  canal,  but,  as  has  been 
said  above,  closely  embrace  one  of  the  branched  excretory 
organs. 

The  most  aberrant  form  of  this  group  at  present  known  is 
the  genus  Rhopalodhia,  According  to  Semper,  the  body  is 
flask-shaoed,  and  at  the  narrow  end  of  the  flask  are  two  aper- 
tures. One  of  these — the  mouth — is  surrounded  by  ten  ten- 
tacula ;  the  other,  which  is  the  anal  aperture,  is  encircled  by 
ten  papillae,  and  by  as  many  calcareous  plates.  A  spacious 
cloacal  cavity,  provided  with  excretory  organs,  traverses  the 
neck  of  the  flask,  and  opens  by  the  anal  aperture.  The  gul- 
let is  surrounded  by  a  ring  of  ten  calcareous  plates.  The 
genital  diict  is  situated  between  the  cloaca  and  the  gullet. 
Ten  ambulacra  diverge  from  the  centre  of  the  enlarged  aboral 
end  of  the  body,  and  extend,  like  so  many  meridians,  to  near 
the  commencement  of  the  neck  of  the  flask.  In  correspond- 
ence with  each  ambulacrum  is  a  longitudinal  muscular  band  j 
and  it  is  an  especial  peculiarity  of  Hhopalodina  that  five  or 

>  Semper,  loc,  cU.y  Heft  iv.,  p.  188. 
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B  C 


fta.  188.— ArtMjrfa  Hatlafa inA  inJirnvru    (ARtr'Bmt.)' 

A.  Isrvs  wlih  the  lilialern)  clllite<4  band,  and  vhe«)-ih>ped  calcateoni  pbt«a: 


.taeenier«.'if!e(>BnBie:e-iiliapsil  hodlfi>)nt  tbe  sldea^rtbe  PinmBch;  ?.radl- 
it  or  ihe  uBbalKM  Vseealir  rjUtim.  B,  nirtbsr  adTanead  coDditloD  of  the 
n  tn  ntikh  tbe  nm)  aperlnre  {;>  ahiuilRte  (thi  w>'ail]ed  "  pnpa-etaee  ").  sad  tbe 
,  BTP  arniizeil  tn  Eonea.    1,  IcDtscDta;  k.  Pollui  Tealcle  ;  I.  Ihe  loDgltudlnal 


or  tbe  eniercK'if  !e  faanaii 


dieappenred;  with  Its  die  (euUclea  and  tbewheel-ebaped  calcareooe  bodies  it 
Its  blodereDd.  m,  thp  madrpnoric  canal  wblrh  niiv  openalntu  the  cavity  of  tba 
body.  D,  a  vnnni;  Spiapia  inlutrmi  with  ancbot-shaped  calcareona  splcula,  ex- 
cept at  ibe  hlodercnd  of  Tbe  bod;,  nhsre  tbey  areamall  and  pdlygODal.    B,  km- 

'  "BeitiSite  mr  NatDrgeachicbt*  der  f^tu^  diffilata."    ("Nova  Aeto," 
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gitadlnal  Bection  of  the  anterior  end  of  the  body  of  an  adalt  Synapta  digUata.    a, 
periaoma  with  the  longitadinal  muscles  and  radial  nerve-trankci ;  d,  calcareous 

folates  which  surround  the  j^ullet:  c,  tentacular  canals  ;  d^  oesophagus ;  «,  radiat- 
nsi  muscles  of  the  pharynx ;  gr,  divided  ends  of  the  circum-oral  nenre;  A,  circiUar 
ambulacral  vessel  with  Polian  vesicle ;  i,  cavity  of  a  louj^ltudinally  divided  tenta- 
cle, into  which  a  tentacular  canal  opens ;  A,  generative  caeca  ;  /,  mesentery  with 
the  dorsal  blood-vessel:  m,  "auditory  vesicle^*  on  the  radial  nerve  ;  n,  longitudi- 
nal muscles:  o,  tentacular  pedicels;  p,  oral  disk.  F,  calcareous  plate  and  andior 
of  8ynapta  inhcBrena. 

these  are  attached  to  the  anal  circlet,  and  five  to  the  circum- 
oesophageal  circlet.  Until,  however,  it  has  been  shown  that 
the  circular  ambulacral  vessel  incloses  the  cloaca  as  well  as 
the  oesophagus — which  is  highly  improbable-r-it  is  justifiable 
to  assume  that  the  anus  of  JRhopalodina  is  really,  as  in  the 
Crinoidea^  interradial  in  position. 

The  development  of  the  Holothuridea  is  extremely  in* 
structive.  Yelk-division  gives  rise  to  a  vesicular  morula, 
which  undergoes  invagination,  and  becomes  converted  into 
an  oval  ciliated  gastrula.  The  opening  of  invagination  be- 
comes the  anus,  while  a  mouth  and  gullet  are  produced  by  an 
invagination  of  the  ectoderm,  near  the  anterior  end  of  the 
body,  which  unites  with  and  opens  into  the  blind  end  of  the 
endodermal  sac,  or  archenteron.  The  completed  alimentary 
cinal  is  thus  composed  of  a  gullet,  a  rounded  stomach,  and  an 
intestine ;  and  the  cilia  of  the  ectoderm  usually  become  re- 
stricted to  a  single  band,  bent  upon  itself,  though  its  general 
direction  is  transverse  to  the  axis  of  the  body  (Fig.  135,  B ; 
Fig.  136,  A).  At  a  subsequent  period,  this  single  band  may 
be  replaced  by  a  series  of  hoops  of  cilia  (Fig.  136,  B).  Ac- 
cording to  Kowalewsky,*  the  embryo  of  Pentacta  doliolum 
does  not  become  ciliated  at  all,  and  that  of  Psolirms,  passes 
from  the  condition  in  which  the  cilia  are  dispersed  ol^er  the 
surface  directly  into  one  in  which  it  is  provided  with  five 
zones  of  cilia,  between  two  of  which  the  mouth  opens.  In 
this  condition  it  singularly  resembles  the  embryo  of  Coma- 
tula,  And,  indeed,  in  the  further  advanced  condition  of  the 
PsolinuSy  the  oral  end  of  the  body,  surrounded  by  triangular 
calcareous  plates,  within  which  the  tentacles  take  their  origin, 
has  a  striking  resemblance  to  the  oral  end  of  the  young  Pen- 
tacrinoid  larva  of  Comatula. 

The  peritoneal  cavity  and  the  ambulacral  vessels  take  their 
origin,'  in  a  very  remarkable  manner,  from  the  archenteron, 

1 "  M6m.  de  P  Acad,  de  St.-P^tersbourg,"  1868. 

«  See  MetachnikofF,  "  Studien  tiber  die  Enfcwickelunsf  der  Echinodermen  und 
Nemertineii"  ('*  M^m.  de  PAcad.  de  St.-P^tersbourg,"  xiv.,  186&) ;  and  eape- 
oially  the  very  satisfactory  memoir  of  Salenka,  "  Zur  Entwickelung  der  Holo- 
thurien  "  {ZeiUehHft  fvr  wisi.  Zoologie,  1876). 
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bsfore  the  oesophageal  inTagination  reaches  it.  The  anterior 
part  of  the  archenteroii  gives  off  a  csecal  process  which,  be- 
coming a  sac,  is  constricted  off  from  the  archenteron  as  what 
Saleaka  terras  a  vaso-peritoneai  vesicle.  This  vesicle  changes 
its  position  to  the  left  side  of  the  alimentary  canal,  and  then 
sends  a  narrow,  duct-lilce  diverticulum  toward  the  dorsal  re- 
gion of  the  ectoderm,  which  eventually  coalesces  with  the 
latter,  the  cavity  of  the  diverticulum  opening  on  the  exterior 
by  a  rounded  pore.  The  vaso-peritoneal  vesicle  now  divides 
into  two  portions,  one  of  which — the  ambulacral  sac — remains 
connected  with  the  exterior  by  the  duct,  and  constitutes  the 
foundation  of  the  whole  of  the  ambulacral  system  of  vessels  ; 
while  the.  other — the  peritoneal  sac — gives  rise  to  the  peri- 
toneum. The  former  becomes  tive-lobed,  grows  round  the 
gullet,  and  gives  rise  to  the  tentacular  and  ambulacral  canals 
with  the  Polian  vesicle,  or  vesicles  ;  whOe  the  duct,  de- 
taching itself  from  the  dorsal  wall,  becomes  the  raadrcporic 
canal. 

The  latter  divides  into  two  vesicles,  which  arrange  them- 
selves at  the  sides  of  the  stomach.  The  stomach  takes  on 
a  more  cylindrical  shape,  and  these  vesicles  become  the  "  sau- 
sage-shaped bodies"  {wurstfttrrnige  KUrper)  observed  by  Mul- 
ler  (Fig.  136,  A),  They  gradually  increase  in  size,  and,  grow- 
ing round  the  alimentary  canal,  unite  above  and  beloiv  it. 
Thus  a  cylindrical  cavity  with  a  double  wall  is  formed  be- 
tween the  endoderm  and  the  ectoderm.    The  inner  wall  of  the 


irid.    (After  MllllBr.)-A,  early  condition  of  tba 

pore  lit  h,  Ibe  nmbDlacnl  Mc   B.  laler  stace: 

orsBi  pore  -,i.i.  clrpn'sr  smbnlscral  vB9«el  with  \t»  prolongs- 

le  bodv.    C,  loaDE  Bolothuria  with  circular  ciliated  bauds ;  a. 

/'.  Poltaii  veilclfl. 


cavity  applies  itself  to  the  alimentary  canal,  and,  aided  by 
the  mesoblastic  cells  which  appear  to  be  developed  from  the 
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endoderm,  becomes  the  muscular  and  peritoneal  coat  of  that 
viscus  ;  while  the  outer  wall,  attaching  itself  to  the  ectoderm, 
or  to  the  mesoblastic  cells  which  line  it,  is,  with  them,  con- 
verted into  the  muscular  and  peritoneal  investment  of  the 
parietes  of  the  body.  The  interspace  between  the  two  is  the 
peritoneal  cavity. 

In  the  mean  while,  the  body  of  the  embryo  elongates,  the 
tentacula  are  developed  around  the  mouth,  the  ciliated  bands 
disappear,  and  the  Holothurid  Echinoderm  is  complete. 

Thus  it  is  clear  that  the  peritoneal  cavity  of  the  Holo- 
thurid is  an  enterocoele,  and  that  it  answers  to  the  perivis- 
ceral cavity  of  JSagitta,  or  of  the  Brachiopoda  ;  and  further, 
that  the  ambulacral  vessels  are  also  modifications  of  the  entero- 
coele. Moreover,  it  is  obvious  that  the  structures  which  are 
developed  between  the  enterocoele  and  the  ectoderm  and  en- 
doderm,  answer  to  those  which  are  evolved  from  the  meso- 
blast  in  other  animals  ;  and  that  the  adult  Echinoderm  stands 
in  the  same  relation  to  the  Echinopcedium  as  an  Annelid  does 
to  its  embryo ;  the  adult  form  being  due  to  the  peculiar  ar- 
rangement of  the  parts  developed  from  the  mesoblast.  No 
part  of  the  Ecliinopaedium  is  cast  off  in  the  course  of  the  de- 
velopment of  the  Holothuridea, 

2.  The  Astbridea. — A  Star-fish  is  comparable  to  a  Holo- 
thurid, the  ambulacra  of  which  are  restricted  to  its  oral  half, 
flattened  out  so  as  to  have  a  very  short  axis ;  while  its  equa- 
torial diameter  is  greatly  increased,  and  produced  in  direc- 
tions corresponding  with  each  ambulacrum.  The  result  would 
be  a  disk,  having  the  form  of  a  pentagon,  or  of  a  five-rayed 
star,  with  ambulacra  only  on  that  face  of  the  disk  which 
bears  the  mouth.  Hence  the  ambulcLcrdl^  and  the  opposite, 
or  antambulacral,  faces  are  of  equal  extent. 

Most  Asteridea  are  like  five -rayed  stars,  but  some  are 
pentagonal  disks  (Gonidster)^  and  some  few  {SoloBter)  have 
more  than  five  rays.  In  JBHsinga,  the  rays  are  much  more 
different  from  the  disk  than  usual,  and  the  genus  thence 
acquires  an  outward  resemblance  to  an  Ophiurid. 

All  the  Asteridea  are  provided  with  a  skeleton  made  up 
of  plates  or  thick  rods,  composed  of  a  dense  calcareous  net- 
work. A  deep  groove,  radiating  from  the  mouth  to  the  end 
of  the  ray,  marks  the  position  of  each  ambulacrum,  and  the 
sides  of  this  groove  are  supported  by  two  series  of  ambu- 
Idcral  ossicles^  which  meet  and  articulate  together  in  the 
middle  line  or  roof  of  the  groove.     The  ambulacral  nerve  and 
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canal  lie  superficial  to  these  ossicles.  There  aie  no  oral  ten- 
tacula. 

The  five-rayed  body  of  the  commonest  of  British  Star- 
fishes,* the  Five-finger  ( Uraster^  or  Asteracanthion^  ruhenaS^ 
presents  an  oral  face^  in  the  centre  of  which  the  mouth  is 
placed,  and  an  opposite  or  dboral  face.  The  hardly-discern- 
ible anal  aperture  is  situated  not  exactly  in  the  centre  of  this 
face,  but  close  to  it.  The  mouth,  which  varies  very  much  in 
size,  lies  in  the  middle  of  a  soft  membranous  oral  disk,  A 
deep  furrow,  the  ambulacral  groove^  occupies  the  middle  of 
the  oral  surface  of  each  ray,  and  is  nearly  filled  by  contractile 
sucker-like  pedicels,  with  circular  discoidal  ends,  apparently 
arranged  in  four  longitudinal  series.  The  deepest  part  of  the 
groove  is  at  its  central  end,  where  its  lining  passes  into  the 
oral  membrane.  The  shallowest  part  is  at  its  distal  end,  where 
it  terminates  against  a  median  projection,  the  peduncle  of 
the  eye,  on  the  aboral  side  of  which  is  the  single  median 
ocular  tentacle.  Lines  drawn  from  the  mouth  along  each 
ambulacrum  are  termed  radiiy  and  the  regions  occupied  by 
the  ambulacra  are  said  to  be  radial.  The  parts  of  the  body 
situated  between  the  ambulacra  are  interradial.  The  lateral 
walls  of  the  ambulacral  grooves  of  adjacent  ambulacra  unite 
at  the  circumference  of  the  oral  disk,  and  give  rise  to  five 
interradial  angles.  On  one  side  of  the  aboral  face  of  the 
centre  of  the  body,  between  the  origins  of  two  of  the  rays, 
and  therefore  interradial  in  position,  is  an  oval  or  somewnat 
pentagonal,  slightly  convex,  porous  plate,  the  surface  of 
which  is  covered  with  narrow,  meandering  grooves.  This  is 
the  madreporic  tttbercle,  or  madreporite. 

The  perisoma,  or  wall  of  the  body,  upon  the  aboral  face, 
and  upon  the  sides  of  the  rays,  is  everywhere  covered  with 
short  spines.  In  the  intervals  between  these,  groups  of  deli- 
cate membranous  tubuli,  which  are  closed  at  their  free  ends, 
project.  Small  two-pronged,  pincer-like  bodies,  the  pedicel- 
laricBy  are  attached  to  the  spines  and  to  the  perisoma  between 
them,  and  during  life  are  seen  to  twist  about  and  snap. 

The  perisoma  presents,  externally,  a  cellular  ectoderm, 
provided  with  a  thin  cuticle,  which  bears  numerous  cilia.  Be- 
neath this  lies  a  mesoderm,  containing  connective  and  mus- 
cular elements,  in  which  the  calcareous  structures  whiclj  con- 
stitute the  skeleton  are  lodged.  On  the  inner  side  of  the 
perisoma,  a  ciliated  epithelium  lines  the  perivisceral  cavity. 

>  Compare  Hoffmann,  ^*  Zur  Anatomie  der  Asteriden.''    C'^  Nidderl&ndisohet 
Archiv,"  Bd.  ii.,  1874.) 
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The  separate  elements  of  which  the  skeleton  is  composed 
may  be  divided  into  three  groups :  the  ossicula^  which,  joined 
end  to  end  and  united  by  connective  and  muscular  tissues, 
constitute  the  chief  framework  of  the  body  ;  the  spines^  at- 
tached to  the  ossicula  by  ligamentous  fibres  at  one  end,  and 
free  at  the  other ;  and  the  calcareous  structures  contained  in 
the  pedicellarice.  On  the  antambulacral  wall  of  the  body, 
the  ossicula  are  elongated  rods  of  very  unequal  lengths, 
united  in  such  a  manner  as  to  leave  polygonal,  rounded,  or 
elongated  meshes*.  The  sides  and  roof  of  each  ambulacra! 
groove,  however,  are  bounded  by  two  series  of  regularly-dis- 
posed and  similar  anibulacral  ossicles^  which  lean  against  one 
another  in  the  middle  line  above,  diverge  so  as  to  inclose  the 
ambulacral  groove,  and,  at  their  outer  ends,  abut  upon  thick, 
short  adamhulacrcd  ossicles,  which  lie  at  the  sides  of  the 
groove  (Fig.  139,  D). 

Between  every  two  ambulacral  ossicles  in  the  same  half  of 
the  ambulacrum  there  is  a  canal,  formed  by  the  junction  of 
notches  in  the  oral  and  distal  faces  of  the  two  ossicles.  Con- 
sequently there  is  a  half-pore  on  the  oral,  and  another  half- 
pore  on  the  distal,  face  of  each  ossicle.  The  half- pore  on  the 
oral  face  is  always  intsrnal  in  position  to  the  half-pore  on  the 
distal  face,  and,  as  the  part  of  the  ambulacral  ossicle  which  lies 
between  the  two  is  thin,  the  row  of  pores,  though  it  is  really 
single  and  bent  in  a  sharp  zigzag,  appears  at  first  sight  to  be 
double.  The  ducts,  which  connect  the  ambulacral  vesicles 
with  the  pedicels,  traverse  these  pores;  and  ths  comparatively 
large  and  very  flexible  and  extensile  pedicels  are  thus  so 
closely  packed  together,  that  they  appear  to  form  a  double 
row  on  each  side  of  the  middle  of  the  ambulacrum. 

At  the  circumference  of  the  oral  disk,  the  ossicles  of  the 
ambulacra,  diminished  in  size,  and  closely  united  together, 
form  a  pentagon,  the  angles  of  which  answer  to  the  ends  of 
the  ambulacral  grooves,  round  the  oesophagus.  The  con- 
joined outer  ends  of  the  pair  of  ambulacral  ossicles  nearest 
the  mouth  project  on  the  oral  face,  outside  the  buccal  mem- 
brane, as  five  vertical  crests,  armed  with  strong  spines,  which 
are  beset  with  pedicellariaa.  In  correspondence  with  these, 
five  falciform  folds  of  the  perisoma,  more  or  less  calcified,  pro- 
ject into  the  cavity  of  the  body.  They  are  interradial  in 
position,  and  extend  up  to  the  aboral  wall.  Their  inner 
edges  are  free,  and  look  toward  the  stomach ;  with  one  of 
them,  the  madreporic  canal  and  the  sinus  which  accompanies 
it  are  closely  connected. 
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The  spines  are  more  or  less  movably  united  with  the 
ossioula,  but  there  are  no  such  regular  joints  as  are  met  with 
in  the  Echinidea,  The  pedicellaricB  are  supported  upon 
short,  flexible  peduncles.  The  skeleton  of  each  consists  of 
two  blades  articulated  with  a  basal  piece.  From  the  centre 
of  this,  very  strong  adductor  muscles  proceed  to  the  inner 
faces  of  the  blades,  and  weaker  fibres,  attached  to  the  exterior 
and  to  the  outer  faces  of  the  bases  of  the  blades,  act  as 
divaricators. 

The  gullet  opens  into  a  wide  stomach  produced  into  five 
large  cardiac  sacs,  the  walls  of  which  are  subdivided  into 
many  sacculi.  Each  cardiac  sac  is  radial  in  position,  and  may 
extend  a  short  way  into  the  cavity  of  the  arm,  to  which  it 
corresponds.  On  the  aboral  side  of  these  sacs  the  alimentary 
canal  suddenly  narrows,  and  then  dilates  again  into  a  shallow, 
but  wide,  pentagonal  pyloric  sac,  the  angles  of  which  are 
produced  into  five  tubes.  Each  of  these  passes  along  the 
middle  of  the  aboral  face  of  a  ray,  and  divides  into  two 
branches,  which  run  parallel  with  one  another  through  half 
or  two-thirds  the  length  of  the  ray,  and  end  blindly.  The 
branches  give  off  numerous  caecal  dilatations,  arranged  in 
pairs  on  opposite  sides,  and  these  hang  down  into  the  cavity 
of  the  ray.  The  edges  of  the  pentagonal  pyloric  sac,  and  the 
aboral  faces  of  its  sacculated  branches,  are  connected  by 
mesenteric  folds  with  the  aboral  perisoma.  The  oral  faces  of 
the  cardiac  sacs  are  similarly  connected  by  pairs  of  mesenteric 
folds  with  the  sides  of  the  corresponding  series  of  ambulacral 
ossicle?.  The  aboral  face  of  the  pyloric  sac  presents  an  aper- 
ture closed  by  projecting  valvular  folds,  which  leads  into  the 
short  tubular  intestine.  The  latter  terminates  in  a  minute 
anal  pore,  situated  nearly  in  the  centre  of  the  aboral  face  of 
the  body.  The  intestine  receives  the  duct  of  a  caecum  divided 
into  two  main  branches,  each  of  which  has  many  minor  sub- 
divisions. If  the  animal,  having  its  mouth  downward,  is  di- 
vided into  two  halves,  by  a  vertical  plane  passing  through  the 
mouth,  the  central  point  of  the  aboral  face,  the  madreporic 
tubercle,  and  the  middle  line  of  the  ray  opposite  to  the  tu- 
bercle ;  and  if  this  raj^  is  anterior,  then  the  anus  opens  into 
the  left  posterior  interradial  space,  and  the  caeca  lie  partly  in 
this  and  partly  in  the  left  anterior  interradial  space. 

The  nervous  *  and  vascular  systems  of  the  Star-fish  are  so 

>  See  "Wilson,  "  The  Nervous  System  of  the  Aaterida"  ('*  Transactions  of 
the  Linnsean  Society,"  1862),  and  the  later  contributions  of  Prof.  Teuscher,  cited 
below. 
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closely  related  to  one  another  that  they  may  be  best  consid- 
ered together ;  and  as  there  is  least  difficulty  in  making  out 
their  arrangement  in  the  ambulacra,  the  study  of  them  may 
be  commenced  in  this  region. 

When  the  suckers  of  an  ambulacrum  are  carefully  cut  away, 
a  longitudinal  ridge  is  seen  to  lie  at  the  bottom  of  the  groove 
between  their  bases.  This  ridge  is  the  ambulacral  nei^e. 
Followed  to  the  apex  of  the  ray,  it  ends  upon  the  eye  arid  its 
tentacle  ;  in  the  opposite  direction,  it  reaches  the  oral  disk, 
at  the  periphery  of  which  it  divides,  and,  skirting  the  margins 
of  the  disk,  joins  the  branches  formed  by  the  bifurcation  of 
the  adjacent  ambulacral  nerves,  thus  giving  rise  to  a  subpen- 
tagonal  ring  round  the  mouth. 

The  eye  *  is  a  thick  cushion-like  expansion  of  the  ectoderm 
continuous  with  the  ambulacral  nerve.  In  it  are  imbedded 
many  clear  oval  bodies  surrounded  by  pigment,  which  appear 
to  represent  the  crystalline  cones  of  a  conipound  eye. 

The  tentacle  which  lies  on  the  aboral  side  of  the  eye  re- 
sembles one  of  the  pedicels  in  structure,  but  has  no  terminal 
sucker ;  its  function  appears  to  be  tactile. 

In  a  good  transverse  section  of  one  of  the  arms  or  rays  of 
the  Star-fish,  the  nerve  is  seen  to  be  a  band-like  thick(»ning  of 
the  ectoderm,  the  cells  of  which  have  become  peculiarly  inod- 
ified,  but  which  is  continuous  latterly  with  the  ordinary  ecto- 
dermal covering  of  the  pedicels.  This  band-like  nerve  consti- 
tutes the  superficial  wall  of  a  canal,  which  extends  through 
the  whole  length  of  the  ambulacrum,  and  may  be  termed  the 
ambulacral  neural  canal.  It  is  divided  by  a  longitudinal 
septum.  At  its  oral  end,  as  has  been  seen,  each  ambulacral 
nerve,  when  it  reaches  the  oral  membrane,  divides  into  two 
divergent  branches,  which  unite  with  the  corresponding 
branches  of  the  other  ambulacral  nerves  to  form  the  oral  ring. 
Answering  to  the  latter  is  a  wide  circular  neural  canal^  into 
which  the  ambulacral  neural  canals  open. 

In  the  transverse  section  of  the  arm,  a  second  and  much 
larger  canal  is  seen  to  lie  between  the  conjoined  ends  of  the 
ambulacral  ossicles  and  a  strong  septum,  containing  trans- 
verse fibres,  which  separates  it  from  the  neural  canal.  This 
is  the  radial  canal  of  the  ambulacral  system  of  vessels.  At 
its  oral  end  it  opens  into  the  circumoral  ambulacral  vessel^ 
which  lies  close  to  the  ossicles  to  which  the  margins  of  the 
oral  membrane  are  attached.     From  opposite  sides  of^the 

1  Conf.  Haeckel,  Zeiisehriftfur  toiss.  ZoologU^  1860. 
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radial  canal,  short  branches  are  given  ofiP,  which  pass  between 
the  ambulacral  ossicles,  and  each  opens  into  the  neck  of  a 
relatively  large  sac,  with  muscular  walls  {ambulacral  vesicle)^ 
which  lies  on  the  aboral  face  of  the  ambulacral  ossicles  in 
the  interior  of  the  ray.  The  neck  of  the  ambulacral  vesicle 
passes  in  the  opposite  direction  into  one  of  the  pedicels. 
Thus  the  ambulacral  vessel  communicates  with  the  cavities  of 
all  the  pedicels  on  the  one  hand,  and  with,  the  cavity  of  the 
circumoral  ambulacral  vessel  on  the  other.  Five  pairs  of 
small  eminences,  consisting  of  caeca,  which  open  into  the  cir- 
cumoral vessel,  are  seated  upon  it ;  and  from  one  part  of  it, 
opposite  one  of  the  interradial  falciform  folds  already  men- 
tioned, springs  a  canal,  which,  taking  a  sinuous  course,  passes 
to  the  aboral  face,  and  tsrminates  beneath  the  madreporio 
tubercle ;  this  is  the  tnadreporic  canal.  It  is  not  a  simple 
tube,  but,  as  Sharpay  first  observed,  its  walls  are  doubly  in- 
voluted so  as  partially  to  obstruct  its  cavity,  and  it  is  strength- 
ened by  annular  calcifications.  The  pores  of  the  madreporio 
tubercle  place  the  cavity  of  the  madreporic  canal  in  commu- 
nication with  the  exterior,  whence  it  follows  that  the  cavities 
of  the  whole  ambulacral  system  must  be  directly  accessible  to 
the  sea-water  in  which  the  Star  fish  lives.  The  madreporio 
canal  is  invested  by  the  lining  membrane  of  the  peritoneal 
cavity.  This  incloses  a  sinus,  which  accompanies  the  madre- 
porio canal,  and  into  the  interior  of  which  a  fold  projects. 

There  is  no  great  diffioulty  in  ascertaining  the  existence  of 
the  structures  which  have  now  bean  described,  and  all  anato- 
mists are  agreed  as  to  the  nature  of  the  ambulacral  system.  But 
whether  the  neural  canals  are  to  be  considered  as  a  special 
system  of  blood-vessels,  and  the  sinus  which  accompanies  the 
madreporio  canal,  a  heart,  as  is  usually  assumed,  appears  to 
me  to  be  very  doubtful.*  I  am  disposed  to  think,  in  fact, 
that  not  only  these  canals,  but  the  circular,  or  rather  pentag- 
onal, vessel  which  has  been  described  as  situated  on  the  abo- 

1  Since  Tiedemann's  time,  the  presence  or  absence  of  a  blood- vascnlar  sys- 
tam  in  the  Star-flahe3  has  been  alternately  asserted  and  denied.  The  recent 
investigations  of  Greef,  **  Ueber  den  Bau  der  Echinodermen "  ("Marburg 
Sitzungsberichte,"  1871-'72),  Hoffmann  (I.  <;.),  and  of  Teuscher,  "Beitrage  znr 
Anatomie  dor  Echinodermen "  {Jenainche  ZeUschrift^  Bd.  x.),  are  in  favor 
of  the  existence  of  the  "  anal  ring,"  and  of  an  extensively  ramified  system  of 
canals,  connected  with  it  and  with  the  neural  canals.  But  it  does  not  appear 
to  me  that  the  fdcts,  as  they  are  now  known,  justify  the  assumption  that  these 
canals  constitute  a  distinct  system  of  blood-vessels.  Injections  show  that  all 
these  canals  communicate  with  tne  ambulacral  vessels,  and  with  the  exterior, 
by  means  of  canals  in  the  madreporio  tubercle  which  open  partly  outward, 
partly  into  the  madreporio  canal,  and  partly  into  the  sinus  which  accompa- 
nies it,  and  oommunioatea  with  the  circumoral  neur^  vessel. 
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ral  face  of  the  body,  around  the  anus,  giving  off  various 
branches  to  the  viscera,  and  communicating  with  the  so-called 
heart,  are  mere  subdivisions  of  the  interval  between  the 
parietes  of  the  body  and  those  of  the  alimentary  canal,  aris- 
ing from  the  disposition  of  the  ambulacral  vessels  and  that  of 
the  walls  of  the  peritoneal  cavity ;  both  of  which,  as  their 
development  shows,  are  the  result  of  the  metamorphosis  of 
saccular  diverticula  of  the  alimentary  canal,  which  have  en- 
croached upon,  and  largely  diminished,  the  primitive  perivis- 
ceral cavity  which  exists  in  the  embryo. 

The  peritoneal  cavity  of  the  body  and  rays  is  filled  with 
a  watery  corpusculated  fluid ;  a  similar  fluid  is  found  in  the 
ambulacral  vessels,  and  probably  fills  all  the  canaJs  which 
have  been  described.  The  corpuscles  are  nucleated  cells, 
which  exhibit  amoeboid  movements  ;  and  the  fluid  so  obvious- 
ly represents  the  blood  of  the  higher  animals,  that  I  know  not 
why  the  preposterous  name  of  "  chylaqueous  fluid "  should 
have  been  invented  for  that  which  is  in  no  sense  "  chyle," 
though,  like  other  fluids  of  the  living  body,  it  contains  a  good 
deal  of  water.  As  the  cavities  of  the  tubular  caeca  of  the 
perisoma  communicate  freely  with  the  general  cavity,  and 
their  walls  share  in  the  general  ciiiation  of  the  lining  of  the 
cavity,  it  is  very  probable  that  they  may  subserve  the  func- 
tion of  respiration. 

The  genital  glands  are  situated  in  pairs,  interradially,  at 
the  junction  of  the  body  with  the  rays.  Each  gland  is  di- 
vided into  a  number  of  elongated  processes,  the  common  base 
of  which  is  attached  to  the  face  of  one  of  the  interradial  septa, 
while  the  processes  project  freely  into  the  cavities  of  the  arms. 
According  to  Hoffmann  and  Greef,  the  inner  cavities  of  the 
genital  processes  are  filled  when  the  vascular  system  is  inject- 
ed. It  is  possible,  therefore,  that  the  genital  glands  are  mere- 
ly processes  of  the  mesodermal  layer,  in  the  walls  of  which 
the  genital  products  are  developed  ;  in  which  case  there  would 
be  a  close  approximation  between  the  genital  glands  of  the 
Star-fishes  and  those  of  the  Crinoids.  According  to  Greef, 
the  external  openings  of  the  genital  glands  are  visible  in 
TIr aster ^  in  the  breeding-season  ;  in  other  Star-fishes,  they  are 
conspicuous  in  the  interradii  of  the  aboral  face  of  the  body. 
In  Luidea^  Ophidiaster^  and  some  other  genera,  the  glands 
extend  far  into  the  interior  of  the  arms ;  and  Prof.  G.  O.  Sars  * 

»  "  Researches  on  the  Structure  and  Affinity  of  the  Genus  Brisinga^^''  1870. 
In  this  important  memoir  the  author  proves  that  Briamga  is  a  true  Asterid, 
and  not,  as  has  been  supposed,  a  transitional  form  between  the  Asteridea 
and  the  Ophiuridea. 
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has  pointed  out  that,  Id  Briainga  endecacnetnoe,  the  genitalia 
are  numeroiis  di:ttiDCt  glauds,  arranged  in  two  series,  one  on 
each  side  of  the  middle  line  of  the  central  half  of  eacli  ray. 
Each  of  these  ovaries  or  testes  has  a  separate  aperture. 

In  some  Star-fishes,  as  in  some  Holothurid?,  the  embryo 
passes  into  the  Star-fish  form  without  any  free  larval  stage. 
But,  more  usually,  an  Echinop^dium  is  formed  in  the  same 
way  as  in  the  Holothurians,  though  it  presents  differences 
in  the  arrangement  of  its  ciliated  bands,  and  especially  in 
their  prolongation  into  numerous  lobes  or  narrow  processes, 
as  in  the  remarkable  form  originally  named  Bipimmria. 
(Fig.  135,  D  D',  and  Fig.  138).  It  has  no  calcareous  skel- 
eton. 


iD,(iiidop...:inEC«e™l!y 

According  to  the  observations  of  Prof,  A,  Agassiz,'  which 
have  been  conliimed  by  MetscbnikofF  and  Greef,  the  ambu- 
lacra) vessels  commence  as  diverticula  of  the  stomach,  which, 
becoming  detached  jrom  the  alimentary  canal,  give  rise  to  the 
peritoneal  cavity,  and  to  all  the  substance  of  the  body  be- 
tween the  endoderm  and  the  ectoderm.'  A  portion  of  one  of 
these   diverticula,   however,  separates  itself   from   the  rest, 

■  "  Embryoloay  of  the  Star-fieh."  ("  Contributions  (o  the  Netunil  History 
of  the  United  Htat«3,"  v.,  136*.)  The  speciea,  the  development  of  which  fa 
described  in  this  important  memoir,  are  Aelavamthion  pallid-ai  and  A.  ber]/- 

'  Probablv  independently -developed  tueeoWaatio  cells  contribute  to  tbe 
formstJon  of  the  mesodenn/aa  in  the  Holothwldii. 


482         THE  ANATOMY  OF  INYERTEBRATED  ANIMALS. 

opens  externally  by  a  pore,  and  becomes  metamorphosed  into 
the  ambulacral  vessels.  But  this  ambulacral  diverticulum 
does  not  surround  the  gullet,  and  consequently  a  new  mouth 
is  developsd  in  the  centre  of  the  ambulacral  ring.  The  larval 
mouth  and  gullet  are  abolished,  and  the  greater  part  of  the 
body  of  the  Echinopaedium  is  separated  from  that  portion' 
which  contains  the  stellate  Echinoderm.  The  latter  results 
from  the  metamorphosis  of  the  mesoderm,  which  is  modeled 
upon  the  different  divisions  of  the  enterocoele,  and  incloses 
the  middle  portion  of  the  alimentary  canal.' 

The  Ophiitridea. — ^The  brittle  Stars,  though  they  re- 
semble the  ordinary  Star-fishes  in  form,  differ  essentially  from 
them,  not  only  in  the  structure  of  their  skeleton,  but  in  the 
characters  of  the  Echinopaedium.  The  ambulacra  are  con- 
fined to  the  oral  aspect  of  the  body,  so  that,  as  in  the  As- 
teridea^  the  ambulacral  and  oral,  the  aiitambulacral  and  the 
aboral  surfaces,  respectively  coincide.  The  mouth  is  situated 
in  the  centre  of  the  oral  face,  but  no  g/ooves  radiate  from  it 
along  the  ambulacra,  which  are  covered  by  a  series  of  plates 
of  the  skeleton.  The  alimentary  canal  is  a  simple  gastric  sac 
without  caeca,  and  has  no  intestine  or  anus.  In  contradistinc- 
tion from  the  Star-fishes,  the  prolongations  of  the  peritoneal 
cavity  into  the  rays  are  very  narrow. 

The  typical  Ophiuridea  possess  a  very  complete  calcareous 
skeleton,  which,  on  the  body,  and  on  the  exterior  of  the  rays, 
has  the  form  of  plates.  On  the  body,  the  disposition  of  these 
varies  much  ;  but  five  of  them,  which  are  situated  inter- 
radially  in  the  neighborhood  of  the  mouth,  are  often  larger 
than  the  others,  and  are  termed  scuta  buccalia. 

Each  ray  contains  an  internal  solid  axis,  composed  of  a 
single  series  of  quadrate  aacial  ossicles  (Fig.  139,  C,  a),  each 
consisting  of  two  lateral  halves  united  by  a  longitudinal 
suture,  and  articulated  together  by  tenon  and  mortice  joints 
upon  their  terminal  surfaces.  Each  of  these  ossicles  (which 
are  sometimes  termed  vertebral)  is  surrounded  by  four  plates 
— one  median  and  antambulacral  (Fig.  139,  C,  b),  two  lateral 
(Fig.  139,  B,  c),  and  one  median  and  superambulacral  (Fig. 
139,  A,  d).  The  lateral  plates  may  meet  in  the  middle  line 
on  both  the  ambulacral  and  the  antambulacral  faces.     Be- 

»  Greef  (?.  e.)  has  worked  out  the  development  of  Uraster  ( Asteracanthian) 
rubens,  the  larval  form  of  which  resembles  the  Bipinnaria  and  Brachiolaria 
of  Helsingfors,  described  by  MuUer.  Parthenogenesis  appears  to  occur  in 
tnis  Star-fish. 
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tween  the  lateral  plates  are  the  apertures  by  which  the  pedi- 
cels make  their  exit.  The  oral  aperture  is  surrounded  by  five 
orcU  angles^  each  of  which  consists  of  five  pieces.     The  two 


Pio.  189.— A,  ventral,  B,  lateral,  views  of  a  ray  of  Ophivratexturata.  (After  MHIler.) 
C,  transversie  Bection  :  a,  axial  or  **  vertebral "  osBicte  of  ray  ;  d,  antambulacral 
plate  ;  e,  lateral  plate;  d.  ventral  or  superambnlacral  plate.  D,  Bection  of  a  ray  of 
an  Asterid,  Aatropecten  aurantiacua  (after  Gaudry) :  «,  ambalacral  or  *'  verte- 
bral ^^  oseiclep  ;  b,  adambnlacral  ossicles ;  c,  (/,  marginal  ossicles  ;  d,  pazillsB  of 
antambulacral  snrface. 


constituents  of  the  axial  ossicle  which  lies  at  the  oral  end  of  a 
ray  become  movably  articulated  with  one  another,  while 
each  anchyloses  with  an  interambulacral  piece.  Transverse 
muscles  connect  the  two  interambulacral  pieces,  the  oral 
edges  of  which  are  articulated  with  a  long,  narrow  plate,  the 
torus  angularis  (Fig.  140,  f).  The  free  surface  of  the  torus 
angularis  lies  in  the  walls  of  a  sort  of  vestibule  in  front  of 
the  mouth.  A  number  of  short,  flat  processes,  the  palm  angu- 
lares^  are  articulated  with  it,  and  moved  by  special  muscles. 
They  doubtless  perform  the  function  of  teeth.  Rudimentary 
representatives  of  the  calcareous  ring  of  the  Holothuridea 
and  of  the  parts  of  the  lantern  of  the  Echinidea  exist  as  deli- 
cate calcareous  plates,  which  lie  on  the  circular  ambulacral  ves- 
sel. The  latter  is  usually  provided  with  caecal  appendages, 
or  Polian  vesicles.  The  madreporic  canal  ends  on  the  sur- 
face of  one  of  the  scuta  Imccalia/  the  radial  ambulacral  ves- 
sels run  in  the  arch  between  the  axial  ossicles  and  the  super- 
ambnlacral plates.     The  nerve  lies  superficial  to  the  super- 
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ftmbulacral  vessel,  but  is  also  covered  by  the  superambulacral 

{ilate.  A  neural  canal  lies  between  the  nerves  and  the  ambu- 
BCral  vessels.  The  pedicels  arc  tentaculiform,  and  have  do 
vesicles  at  their  bases.  The  genital  glands  are  lodged  in  the 
disk,  and  pour  their  products  into  the  peritoneal  cavity,  which 
communicates  freely  with  the  exterior  by  vertically-elongated 
apertures  placed  interradially  on  its  margins.'  According  to 
Metsohnikoff,  Ophiolepie  Bquamata  is  herra aphrodite. 

The  early  conditions  of  the  embryos  of  most  OpMuridea 
are  similar  to  those  of  other  Echinodemis,  and  acquire  the 
characteristic  bilateral  ciliated  zone  ;  hnt  in  some  the  embryo 
does  not  become  an  Eehinopadivm,  but  passes  directly  into 
the  adult  condition.  I'hus  Krohn  discovered  that  tbe  embryo  of 
Ophiol^U  ciliata  is  developed  within  the  body-cavity  of  the 
parent,  to  which  it  adheres  by  a  kind  of  pedicel.  "Where  an 
Echinojxiediuni  stage  exists,  the  larva  is  a  Pluteus  (Fig,  135, 
C  C).    The  dorsal  wall  of  the  body  of  the  embryo  exhibits  a 


^ ..    ^ ,    i.  verMbral  OBSlclei:  t.  Interambolacral 

fl'on'o("nrn'0ii9  collar';  *,  Imprefaloo  of' circular  smbulacral  veiael;  *,  orUce  in 
Ihe  flrat  amhDlacnrl  piste  fnr  thE  [entacnlar  btaiicli  of  tHeoral  Teasel  ;  0,  pain  i.ngp- 
InrCB.  B,  ^»<rof*tv'">. owl  ilielftoreeenfioin  within  (after MOller):  mm, pefls- 
tomlal  plat«i ;  other  letlers  BB  In  A. 

median  conical  outgrowth  ;  along  the  course  of  the  ciliated 
band  symmetrically -disposed  processes  are  developed  ;    and 

1  MOller,  "Ueber  den  Bau  der  Echinodermen "  ("Abh.  Berl.  Akad.'_' 
1858) ;  Teuscher  {I.  c) ;  Bimrock,  "  Anatomie  und  Schizogonie  der  OvhiOfta 
virtni"  (ZeUtchrili/orvriM.  Zooiogie,ime).  The  latter  writer  deacraieaim- 
meronB  apparentlv  ciFcal  divertioulaoftbe  circular  ambulacral  oanal,  and  of  the 
Decks  ofthe  Polian  Teaiclea  (laH  ambotaeraUa  eati)  ffliich  traverse  the  peii- 
toD^al  cavity  In  all  directions. 
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these  outgrowths  are  supported  by  a  calcareous  skeleton, 
which  is  also  bilaterally  symmetrical.  MetschnikofF*  has 
made  the  interesting  observation  that  in  an  Ophiurid  (prob- 
ably Ophiothrix  fragilis)  the  whole  system  of  perivisceral 
and  ambulacral  cavities  arises  from  two  bodies,  one  situated 
on  each  side  of  the  gullet,  which  are  solid,  though  it  is  possi- 
ble that  they  may  primitively  have  been  hollow  diverticula  of 
the  arohenteron.  Two  cellular  masses  become  detached  from 
these  bodies,  apply  themselves  to  the  sides  of  the  stomach, 
and  are  converted  into  disks,  from  which  the  parietal  and  vis- 
ceral walls  of  the  peritoneal  cavity  take  their  origin.  The 
rest  of  the  solid  body  on  the  left  side  of  the  gullet  acquires  a 
vesicular  character,  opens  by  a  dorsal  pore,  and  grows  round 
the  gullet,  to  give  rise  to  the  circular  ambulacral  vessel.  The 
other  solid  body  disappears.  The  mouth  of  the  Echinopae- 
dium  becomes  that  of  the  Ophiurid. 

It  cannot  be  doubted  that  these  solid  bodies  take  their 
origin,  in  the  same  way  as  in  other  Echinopaedia,  from  the 
hypoblast  ;  and  thus  the  question  arises.  How  far  does  the 
mesoblast  thus  formed  differ  from  that  which  arises  by  the 
mere  outgrowth  of  cells  from  the  hypoblast,  as  in  the  Dog- 
fish, and  how  far  does  this  case  tend  to  render  it  probable 
that  a  schizoccele  is  only  a  modification  of  an  enterocoele  ? 

The  Echinidea. — An  ordinary  Sea-urchin  is  comparable 
to  a  Holothurid,  with  the  body  distended  into  a  more  or  less 
globular  form,  and  with  a  skeleton  in  the  form  of  regular 
plates  arranged  in  meridional  series ;  those  plates  which  cor- 
respond with  the  ambulacral  vessels  being  superficial  to  the 
latter,  and  consequently  perforated  by  the  canals  which  pass 
from  the  ambulacral  vessels  to  the  pedicels. 

In  the  JEchinidea^  as,  for  instance,  in  the  ordinary  Echimis 
or  Sea-urchin,  the  perisoma  round  the  mouth  {peristome) 
is  usually  strengthened  for  some  distance  by  irregular  oral 
plates.  In  addition,  ten  rounded  plates  are  placed  in  pairs 
close  to  the  lip  ;  these  support  as  many  pedicels,  and  are  per- 
forated by  the  canals  of  the  latter.  A  much  smaller  space 
around  the  anus  (periproct)  is  similarly  protected  by  anal 
plates.  The  rest  of  the  body  is  supported  by  a  continuous 
wall  made  up  of  distinct,  more  or  less  pentagonal  plates,  usu- 
ally firmly  united  by  their  edges,  which  is  called  the  corona. 
Of  these  plates  there  are  twenty  principal  longitudinal  series, 

*  "  Studien  iiber  die  Entwiokelun^  der  Echmodermen  und  Nemertinen." 
(»*  M6m.  Acad.  St.-P^tersboarg,"  1869.) 
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ooostituting  the  great  mass  of  the  corona;  and  ten  single 
plates,  which  form  a  ring  around  its  aboral  or  apical  margin. 
The  twenty  series  of  longitudinal  plates  are  disposed  in  ten 
double  series — five  ambulacral  and  five  interambulacral — 
alternating  with  one  another  throughout  the  circumference  of 
the  corona.  Each  double  series  of  plates  presents  a  zigzag 
suture  in  the  middle  line,  formed  by  the  alternating  arrange- 
ment of  the  triangular  extremities  of  its  component  elements. 
The  sutures  between  the  respective  series  of  ambulacral  and 
interambulacral  plates,  on  the  other  hand,  are  less  obvious 


Fie.  141.— Dla^fnm  eztaiblHng  the  relations  of  the  differerit  systems  of  or^ns  in  an 
Echintu.—a.  month ;  b^  teeth  ;  c,  lips ;  d^  aWeoli ;  e,  falces ;  /,  aarlcnlae ;  g.  re- 
tractor, and  A,  protractor,  mnscles  of  lantern;  i.  madreporic  canal;  A,  circn- 
lar  ambulacral  vessel ;  /,  pollan  vesicle ;  m,  n,  o,  amnnlacral  vessel ;  p,  pedal  vesi- 
cle ;  9,  q,  pedicels  ;  r,  spine ;  «,  tnbercle  to  which  it  is  articulated  ;  ty  pediceOarie; 
«,  anas ;  v,  madreporic  tubercle ;  a;,  ocular  spot. 

and  more  straight.  Each  ambulacral  plate  is  subdivided  by  a 
greater  or  less  nurpber  of  sutures,  which  traverse  it  obliquely, 
into  a  corresponding  number  of  minor  plates  ;  and  these,  in- 
asmuch as  they  are  perforated  by  the  canals  or  pores,  which 
give  exit  to  the  two  vessels  whereby  each  pedicel  is  placed  in 
communication  with  its  basal  vesicles  and  with  the  ambula- 
cral vessel,  are  called  pore-plates.  Throughout  the  greater 
part  of  the  length  of  an  ambulacrum  of  the  common  £hhiniu 
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sphoera  (Fig.  142,  A)  each  ambulacral  plate  is  thus  divided 
into  three  pore-plates,  traversed  altogether  by  six  pores,  or 
short  canals.  The  outer  openings  of  these  canals  are  arranged 
close  together  in  pairs  upon  little,  excavated,  shield-shaped 
elevations,  or  umbones^  sculptured  on  the  outer  or  interam- 
bulacral  half  of  the  face  of  the  ambulacral  plate  ;  but  their 
inner  extremities  are  much  wider  apart.  A  poro-plate,  or 
subdivision  of  the  ambulacral  plate,  thus  corresponds  with 
each  pair  of  pores,  and  therefore  with  each  pedicel.  Lov^n  * 
has  shown  that  the  pore-plates  are  the  primitive  ambulacral 
ossicles  in  the  Echinoidea,  At  its  apical  extremity,  in  fact, 
the  ambulacrum  is  composed  of  only  two  small  ossicles,  which 
meet  in  the  middle  line.  Each  of  these  primitive  ambulacral 
ossicles  is  perforated  by  a  single  or  double  pore  for  the  pedi- 
cel which  it  bears.  But  as,  in  the  course  of  the  growth  of  the 
corona,  new  primitive  ambulacral  ossicles  are  added  between 
the  ocular  plate  and  those  already  formed,  the  latter  shift 
toward  the  oral  end  of  the  ambulacrum,  and  grow  in  corre- 
spondence with  the  larger  space  which  they  have  to  fill.  But 
they  grow  unequally  ;  and  while  all  retain  their  primitive  con- 
nections with  the  adjacent  interambulacral  plates,  some  lose, 
while  others  retain,  their  median  union  with  the  correspond- 
ing ossicles  of  the  same  ambulacrum.  The  former,  therefore, 
are,  as  it  were,  pushed  away  from  the  middle  line  by  the  union 
of  their  encroaching  predecessors  and  successors.  Groups  of 
the  primitive  ambulacral  plates,  thus  modified,  enter  into  close 
union,  and  constitute  the  complex  ambulacral  plates  of  the 
fully-developed  ambulacrum. 

In  the  genus  CidaHa^  the  primitive  ambulacral  plates  en- 
large, but  do  no  coalesce  into  secondary  ambulacral  plates ; 
hence  the  distinction  between  ambulacral  plates  and  pore- 
plates  vanishes.  The  ambulacral  plates  are  continued  on  the 
peristome  to  the  margins  of  the  mouth,  and  here  they  become 
somewhat  altered  in  form,  and  their  edges  overlap. 

In  the  living  genus  Asthenosoma,  and  in  certain  extinct 
Echinidea  {LepidocentruSy  Echinothur%a\  the  plates  of  the 
corona  are  loosely  united  and  overlap  one  another ;  while,  in 
the  extinct  palaeozoic  Perischoechinidoe^  there  are  more  than 
two  series  of  interambulacral  plates,  those  in  the  middle  of 
each  interambulacrum  being  hexagonal. 

In  Echinus^  the  apical  extremities  of  the  ambulacra  abut 
upon  the  five  smaller  of  the  ten  single  plates  which  surround 

1  ^'  Etudes  sur  les  Echinold^es."    (*'  Eongl.  Svenska  Vetensk-Akad.  Hand- 
lingar,»'  Bd.  ii.,  1875.) 
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tbe  periproct.  Each  of  these  is  perforated,  and  supports  tbe 
eye-spot;  it  is  thence  called  an  ocular  plate.  The  apical  ex- 
tremitiea  of  tbe  interambulacra,  on  the  other  hand,  correspond 


Fia.  143.  (AHar  UDIler.)— A,  three  ai 
\ag  the  enmrei  of  the  pore-ptBlee  ul 
part  or  tbu  peulold  ambaUcrnni  oF  i 

with  the  five  larger  plates,  which  alternate  with  the  ocular 
plates,  and,  like  them,  are  perforated.  The  aperture  ia,  how- 
ever, larger,  and  constitutes  the  exit  for  the  ^iterative  prod- 
ucts. One  of  these  five  genUal  plates  is  larger  than  the 
others,  and  presents  a  peculiar  porous  convex  surface,  which 
is  the  raadroporic  tubercle  or  madreporHe.  The  latter  is 
therefore  interambulacral  in  position,  as  in  the  Star-fish. 

Comparison  with  the  elongated  Ecbinoderms  shows  that 
the  madreporite  lies  in  the  right  anterior  interradius  of  the 
sea-urchin,  so  that  the  anterior  ambulacrum  is  that  which  lies 
to  the  left  of  the  madreporite,  when  the  latter  is  directed  for- 
ward. In  consequence  of  bein^  able  to  distinguish  this  odd 
or  anterior  radius,  it  is  possible  in  any  of  the  Eckinidea  to 
separate  the  three  anterior  ambulacra,  as  the  trivium,  from 
the  two  posterior,  the  bioium  ;  and  in  the  fossil  genus  Dy- 
taster,  this  separation  of  the  ambulacra  into  trivium  and  bivi- 
um  exists  naturally.  Muller  has  pointed  out  that  in  all  the 
flattened  Eckiiitdea,  with  a  special  ambulatory  surface,  the 
latter  ia  formed  by  the  bivial  ambulacra  and  interambulacra, 
while,  in  the  similarly  modified  Bolothuridea,  the  animal  rests 
upon  tbe  trivium. 

Within  the  circle  formed  by  the  genital  and  ocular  plates 
the  periproct  presents  a  variable  number  of  calcifications,  of 
which  one,  the  anal  plaie,  is  larger  than  the  rest.  The  anus 
lies  excen  trie  ally,  between  this  plate  and  the  posterior  margin 
of  the  periproct. 

With  the  exception  of  certain  palfeozoic  forms  {Pakeehi- 
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ww«),  the  composition  of  the  skeleton  of  the  JSchinidea  is 
always  essentially  similar  to  that  which  has  just  been  de- 
scribed ;  but  the  form  of  the  body  and  the  relative  positions 
of  the  anal  and  oral  apertures  may  vary  very  much.  In  the 
Echinoida  ( Cidaris^  JEchinvs)  the  body  is  spheroidal,  and 
the  oral  and  anal  apertures  are  opposite  and  central,  or  very 
nearly  so.  In  the  Glypeaatroida  ( Vlypeaater^  Echinocyamua) 
the  form  of  the  body  varies  from  a  spheroidal  to  an  exces- 
sively flattened  and  even  lobed  shape.  The  mouth  remains 
central,  but  the  anus  varies  in  position,  from  the  apical  sur- 
face to  the  margin,  or  even  to  the  oral  surface,  as  in  Echino- 
cyamus.  In  the  remaining  division  of  the  JEchinidea^  the 
Spatangoida  {Spatangus^  Amphidotus^  Ananchytes)^  the 
form  is  usually  a  somewhat  depressed  oval,  and  both  the  oral 
and  the  anal  apertures  are  excentric.  The  madreporite  and 
the  genital  and  ocular  plates,  on  the  other  hand,  remain  in 
the  centre  of  the  aboral  region  in  all  the  Echinidea, 

The  ambulacra  present  important  variations  in  the  three 
divisions  of  the  JEJchinidea,  In  the  JSchifioida  thev  are  hch 
mogeneous^  presenting  the  same  composition  from  their  oral  to 
close  to  their  apical  extremities,  and  having  the  pores  and 
pedicels  similar  throughout.  Furthermore,  the  ambulacra  are 
widest  in  the  middle,  and  taper  gradually  to  each  extremity 
(^^^w^^),  or  are  of  nearly  the  same  size  from  one  end  to  the 
other  (Cidaris). 

In  many  Clypeaatroida^  on  the  contrary,  the  oral  and  the 
apical  portions  of  each  ambulacrum  differ  very  widely,  or  are 
heterogeneous.  The  apical  moiety  is  usually  very  wide*  in  the 
middle,  and  tapers  to  a  point  marginally,  where  it  joins  the 
oral  portion.  Hence  there  is  an  appearance  of  five  petals 
diverging  from  the  apex  ;  and  such  ambulacra  are  called  petal- 
old  (Fig.  142,  B),  In  the  oral  portions  of  the  ambulacra,  on 
the  contrary,  the  pores  are  either  scattered  widely  over  the 
ambulacral,  and  sometimes  over  the  interambulacral,  plates, 
forming pore-arecB /  or  they  are  arranged  in  bands  which  ram- 
ify over  the  interambulacral  as  well  as  the  ambulacral  plates, 
giving  rise  to  what  Mttller  has  termed  pore  fascioB.  In  the 
Spatangoida  (Fig.  143)  the  ambulacra  commonly  present 
the  same  heterogeneous  character,  but  the  oral  portions  are 
not  arranged  in  fasciae ;  and  it  not  unfrequently  happens  that 
the  anterior  ambulacrum  becomes  more  or  less  abortive,  so 
that  only  four  petals  are  obvious  on  the  apical  surface,  instead 
of  five. 

The  growth  of  the  shell  of  the  Schinidea  is  effected  in 
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two  wajs :  partly  by  addition  to  the  circumference  of  the 
existing  plates,  partly  by  the  interpolation  of  new  ambu- 
lacral  and  interambulacral  plates  at  the  apical  end  of  each 
series,  between  it  and  the  ocular  or  genital  plate,  as  the  case 
may  be.  New  plates  are  never  added  to  the  oral  extremity 
of  the  corona  proper. 

The  surface  of  the  plates  of  the  corona  in  the  JSchinidea 
is  covered  with  minute  rounded  elevations,  or  tubercles^  to 
which  are  articulated  the  spines  so  characteristic  of  the 
group.  The  tubercle  may  be  either  simple  or  marked  by  a 
central  pit,  into  which,  and  a  corresponding  pit  on  the  head 
of  the  spine,  a  ligament  of  attachment  is  inserted.  Further- 
more, capsular  muscular  fibres  connect  the  neck  of  the  spine 
with  the  base  of  the  tubercle,  and  effect  the  varied  move- 
ments of  which  the  organ  is  capable.  The  spines  of  the 
JSchinidea  vary  very  much  in  form  and  size,  from  the  dose- 
set,  velvety  pile  of  Scutella,  or  the  delicate,  spoon-shaped 
blades  of  Amphidotu^y  to  the  long-pointed  lances  of  JEkhinus 
and  the  great  clubs  of  Cidaris,  Even  on  the  same  Echino- 
derm  the  spines  may,  as  in  the  two  latter  genera,  vary  very 
much  in  appearance ;  and  it  becomes  necessary  to  distinguish 
those  large  ones  which  form  a  continuous  series  from  one  end 
of  an  ambulacrum  or  inters mbulacrum  to  the  other,  as  pri- 
mary spines,  from  the  other  less  complete  secondary  and 
tertiary  series. 

Loven '  has  drawn  attention  to  the  existence,  in  all  the 
Echinidea^  except  Cidaris^  of  certain  minute  spheroidal 
bodies,  rarely  more  than  yJtt  ^^  ^^  ^°^^  ^^^E'i  which  he  terms 
aphmridea.  They  occur  upon  the  ambulacral  plates,  and  es- 
pecially upon  those  nearest  the  mouth.  Each  contains  a  cal- 
careous and  more  or  less  dense  and  glassy  skeleton,  which 
is  articulated  with  a  corresponding  tubercle,  as  if  it  were  a 
miniature  spine.  In  some  genera,  these  sphoeridea^  to  which 
Lov^n  ascribes  a  sensory  function  ^probably  auditory),  are 
sunk  in  fossae  of  the  plate  to  which  tney  are  attached. 

Scattered  among  their  spines,  the  Echinidea  -possess  pedi- 
cellarioBy  which  are  usually  provided  with  long,  slender  stems, 
terminating  in  oval  heads,  divided  into  three  jaw-like  pro- 
cesses. The  latter  are  strengthened  by  calcareous  ossicles, 
which  articulate  with  an  ossicle  contained  in  the  basal  part 
of  the  head,  and  a  calcareous  rod  is  usually  developed  in  the 
stem, 

» ^*  EtadeB  sur  les  EchinoXd^OB,"  1875. 
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Id  the  Spatangoida,  when  the  skeleton  is  cleaned,  its  sur- 
&Ge  is,  in  many  oases  {Amphidotus,  Sriasus,  Spalangtte), 
marked  by  one  or  more  symmetrical  bands  of  close-set,  mi- 
nute tubercles  (Fig.  143,  e,f,  g).  During  life,  slender  spines 
are  attached  to  these  tubercles,  the  calcareous  skeleton  cS. 


Via-  }&.—AmpMilola«  eoraatiu.—K.  viewed  rrom  ibove  :  B.  trmn  heblnd  :  a.bb, 
trlflom,  or  SDterloranl  anterolsleml  amboUcni ;  ee.  hMnio.orpoHflTolsteral  am- 
bulacra; d,  miilreporlc  Uibercle.  earrounded  br  Itai^  RCDltHl  ipsrtni-e?  ;  t,  Intn- 
petaloas  lemita.-  /.  clrcamnniit  Mnffa;  a.  subvial  Mfnifn  ,■  h.  man  :  i.  intn- 
lemlliil  nnren  nfhlvliil  amhiiliicra.  O.  semltn  maenlflsd  :  a.  ssmital  labercleB;  b, 
1  aphie :  a.  termlaal  aularged,  oou-clllated  portloD ; 


b,  ciliated  atem. 


which  is  clothed  with  a  thick  coat  of  integnment,  which  sud- 
denly enlarges  at  the  apex  (Fig.  143,  D) ;  long  and  oloae-aet 
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cilia  cover  the  shaft  of  the  spine,  while  no  such  structures 
exist  on  the  terminal  enlargement.  These  bands  of  pecu- 
liarlyj-modified  spines  are  called  semitce  or  fasdoles.  Semitm 
lie  beneath  and  surround  the  anus  in  some  genera,  and  are 
called  subanal  and  circumanal;  others  surround  the  outer 
extremities  of  the  petaloid  ambulacra,  and  are  termed  peri- 
petalouSy  or,  when  they  encircle  the  inner  terminations  of 
their  ambulacra,  intrapetalous  (Amphidotus)  (Fig.  143,  A,  B). 

If  we  turn  to  the  interior  of  the  shell  of  the  JEchini- 
deay  we  find  in  the  JEJchinoida  that  ambulacral,  or  sometimes 
(Cidaris)  interambulacral,  plates  of  the  oral  margin  of  the 
corona  are  produced  into  live  perpendicular  perforated  pro- 
cesses, which  arch  over  the  ambulacra,  and  are  called  the  au- 
riculoB.  - 

Besides  these,  processes  are  developed  from  the  ambula- 
cral plates  in  Cidaris  which  form  a  sort  of  wall  on  each  side 
of  the  ambulacral  canal,  but  do  not  arch  over  it.  In  Clypea^ 
ter^  similar  processes  form  complete  arches ;  and  in  the  flat- 
tened Clypeastroid  ScuteUa^  the  oral  and  apical  walls  of  the 
corona  are  united  together  by  calcareous  trabeculae,  so  that 
the  cavity  of  the  body  is  restricted  to  a  very  small  space. 

The  Spatangoida  present  neither  Auriculm  nor  other  in- 
ternal processes. 

In  the  Echinidea^  the  oesophagus  is  usually  distinct,  but, 
beyond  a  caecal  diverticulum  in  some  cases,  there  is  no  further 
differentiation  of  the  alimentary  canal,  which  is  disposed  spi- 
rally around  the  walls  of  the  corona,  and  attached  thereto  by 
a  mesentery. 

In  the  Echinidea^  the  oral  skeleton  attains  its  highest 
development  in  the  so-called  "Aristotle's  lantern"  of  the 
Sea-urchins  (Fig.  144,  B,  C,  D). 

This  apparatus  consists  of  five  hollow,  wedge-shaped,  cal- 
careous pieces — ^the  alveoli  (Fig.  144,  B,  a) — each  of  which  is 
composed  of  two  halves  united  together  in  the  middle  line, 
while  each  half  again  consists  of  a  superior  epipliysis,  and  an 
inferior  principal  portion,  united  together.  Each  alveolus 
serves  as  the  socket  for  a  long  tooth  (e),  shaped  somewhat 
like  the  incisor  of  a  Rodent,  harder  externally  than  internally, 
so  as  always  to  develop  a  sharp  edge  with  wear.  The  tooth 
constantly  grows  from  its  upper  extremity,  while  its  lower 
half  becomes  united  with  the  wall  of  the  alveolus.  The  five 
alveoli,  if  fitted  together,  form  a  cone,  the  applied  surfaces  of 
which  are  united  by  strong  transverse  muscular  fibres,  while 
superiorly,  the  epiphyses  of  each  pair  of  alveoli  are  connected 


THE  ECBINIDEA. 


by  long  radial  pieces— the  rotwke  (c)  articulated  with  their 
edges.  To  the  inner  extremity  of  each  rotula,  finally,  a  slen- 
der arcuated  rod,  presenting  indications  of  a  division  in  the 


Pta  IM.— A,  dflDtarr  appsntoi!  at  CljrptaiMd  (aRer  Hflnrr) :  a.  tJreolnt ;  d,  rotnls : 
«.  lootb.  B.  C,  D,  aenUrj  ippantas  (Arlttolle't  lantsru)  of  EcAin'Uf  ijdiara, 
B,  too  or  the  Bts  chier  coiDpanenf  psrta  or  the  lanlem  Rppniied  and  viewed  kl- 
eollT.  C  hteral  vlaw,  and  D,  backrlBW,  of  a  ahigle  part:  a.  principal  piece  of 
alTcohis :  a',  Batiire  wllb  its  fillow ;  b,  eptpbjnle  ;  b',  Butnre  of  eplpliyela  wUb 
prlDdpal  piece  ;  e,  rotula  ;  tf,  radlne  ot  compaia  ;  «,  twUi. 

middle  of  its  length,  is  articulated,  and,  running  outward  par- 
allel with  the  rotula,  terminates  in  a  free  bifurcated  extremity. 
This  is  the  radius  (rf). 

Altoftether,  then,  the  Lantern  consists  of  twenty  print^ipal 
pieces — five  teeth,  five  alveoli,  five  rotulse,  and  five  radii — of 
whitih  the  alveoli  are  again  divisible  into  four  pieces  each, 
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and  the  radii  into  two,  making  a  total  of  forty  pieces.  In 
their  normal  position,  it  must  be  remembered  that  the  alveoli 
and  teeth  are  interambulacral,  while  the  radii  and  rotulae  are 
ambulacral.  Besides  the  interalveolar  muscles  already  de- 
scribed, this  complex  apparatus  has  protractor  muscles  arising* 
from  the  interambulacral  region  of  the  oral  edge  of  the  coro- 
na, and  inserted  into  the  upper  part  of  the  alveoli  ;  slender 
oblique  muscles,  with  a  similar  origin,  but  inserted  into  the 
radii;  transverse  muscles  connecting  the  radii  together  ;  and 
retractor  muscles  arising  from  the  arches  of  the  auriculae,  and 
inserted  into  the  oral  ends  of  the  alveoli. 

A  similar  but  less  complex  oral  skeleton  exists  in  most 
Clypeastroida  (Fig.  14^,  A),  but  nothing  of  tlie  kind  has  yet 
been  discovered  in  the  Spatangoida, 

In  the  Echifiidea^  the  circular  ambulacral  vessel  lies  be- 
tween the  oesophagus  and  the  alveoli,  and  is  usually  provided 
with  ?iwe  sacculated  polian  vesicles.  There  is  a  single  madre- 
porio  canal,  membranous  in  Eihinus^  but  calcareous  in  Gida- 
ris,  which  extends  nearly  in  the  axis  of  the  body  from  the 
circular  vessel  to  the  madreporio  tubercle.  Five  radial  ves- 
sels run  up  the  middle  of  the  inner  surface  of  the  ambulacral 
plates,  which  they  reach  by  passing  from  the  circular  canal, 
outward,  beneath  the  rotulae,  when  these  exist ;  next,  down- 
ward, external  to  the  interalveolar  muscles  ;  and  then,  out- 
ward, through  the  arches  of  the  auriculae  ;  these  give  off 
branches  on  each  side  to  the  pedicels,  the  .bases  of  which  open 
into  large  ambulacral  vesicles.  The  circular  ambulacral  ves- 
sel of  the  Spatangoida  has  no  polian  vesicles,  and  no  vesic- 
ular appendages ;  in  the  Clypeasters  there  are  many  vesicu- 
lar appendages,  but  no  polian  vesicles.  In  most  Echiyioida^ 
all  the  pedicels  are  expanded  into  sucking-disks  at  their  ex- 
tremities, and  are  here  strengthened  by  a  calcareous  plate 
or  plates ;  but,  in  JEchinocidaris  and  some  other  ^hinoida^ 
the  pedicels  of  the  oral  portion  of  the  ambulacra  only  have 
this  structure,  while  those  of  the  apical  portion  are  pecti- 
nated, flattened,  and  gill-like.  Again,  in  the  heterogeneous 
ambulacra  of  the  Clypeastroida  and  Spatangoida^  the  forms 
of  the  pedicels  vary  much.  Thus  Muller  distinguishes  four 
kinds  of  pedicels  in  the  Spatangoida:  simple  and  locomo- 
tive pedicels,  without  any  sucking-disk ;  locomotive  pedicels, 
provided  with  terminal  suckers,  and  containing  a  skeleton  ; 
tactile  pedicels,  with  papillose  expanded  extremities ;  and 
gill-like  pedicels,  triangular,  flattened,  more  or  less  pecti- 
nated lamellae.     Two  or  three  of  these  kinds  of  feet  may 
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occur  in  any  given  ambulacrum,  and  those  which  lie  within  a 
semita  are  always  di£Perent  from  the  others. 

In  the  Clypeastroiday  the  petaloid  portions  of  the  ambu- 
lacra possess  branchial  pedicels,  interspersed  with  delicate 
locomotive  pedicels,  provided  with  a  calcareous  skeleton  and 
with  a  terminal  sucker.  The  latter  kind  alone  extend  on  to 
the  oral  portions  of  the  ambulacra. 

The  circumoral  nerve  of  Echinus  surrounds  the  oesoph- 
agus near  the  mouth.  It  has  a  pentagonal  form,  and  is 
inclosed  by  the  alveoli,  between  which  the  ambulacral  nerves 
pass,  over  the  peristome  and  through  the  arches  of  the  au- 
riculas, to  the  ambulacra.  Each  ambulacral  nerve  is  accom- 
panied by  a  neural  canal,  which,  however,  in  sheathes  the 
nerve,  and  does  not  merely  lie  on  its  inner  side.* 

The  only  known  organs  of  sense  in  the  Echinidea  are  the 
pigmented  "eye-spots,"  developed  in  connection  with  the 
ends  of  the  ambulacral  nerves* 

The  peritoneal  space  is  filled  by  a  corpusculated  fluid, 
which  is  kept  constantly  in  motion  by  cilia  distributed  over 
the  parietes  and  the  contained  viscera.  The  aeration  of  this 
fluid  appears  to  be  facilitated  in  all  the  Echinoiday  except 
Cidaris,  by  five  pairs  of  special  branchial  plumes  developed 
from  the  peristome;  while,  in  the  Clypeastroida  and  Spa- 
tangoida^  which  possess  the  modified  pedicels  commonly 
termed  ambulacral  gills,  there  are  no  such  organs. 

In  the  Echinidea^  a  circular  pseud-hsemal  vessel,  whence 
branches  ate  given  off  to  the  genitalia,  is  said  to  surround 
the  anus.-  The  alimentary  canal  is  accompanied  by  two  ves- 
sels, one  on  the  side  of  the  mesentery  (dorsal),  the  other  on 
the  free  side  (ventral),  which  communicate  with  a  lacunar 
network  in  its  walls  ;  and  besides  these,  a  fusiform  body  run- 
ning parallel  with  the  madreporic  canal,  and  terminating 
inferiorly  in  a  circular  vessel  which  lies  close  to  the  circular 
ambulacral  vessel,  around  the  oesophagus,  has  been  described 
as  a  "  heart." ' 

The  genital  organs  are  sacculated  glands,  which  attain  a 
large  size  in  the  breeding  season,  and  open  exten[ially  by  the 

'  Teuscher,  I,  e. 

3  According  to  Hoffmann^s  latest  investi^tions,  there  is  neither  anal  nor 
oesophageal  circular  vessel  in  Spatangus  and  Echinus.  In  the  former,  a  distinct 
anastomotic  trunk  connects  the  intestinal  vessels  with  the  circular  ambulacral 
vessel.  In  the  latter,  both  intestinal  vessels  open  directly  into  the  circular 
ambulacral  vessel,  and  what  has  been  described  as  a  heart  is  really  the  madre- 
poric canal.  (**  Ueber  das  Blut^e^s-System  der  Echiniden,''  *'  Niederlan- 
oischeB  Arohiv,"  Bd.  u) 
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pores  on  the  ^nital  plates,  through  which  their  pixxlucts  are 
extruded.  Hoffmann  has  fcund  the  peritoneal  fluid  of  the 
males  full  of  spermatozoa. 
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In  the  Echinidea,  as  in  the  Ophiuridea,  the  Echinopse- 
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dium  is  a  JPluteus,  and  has  a  skeleton  formed  of  calcareous 
rods,  which  support  the  processes  into  which  the  body,  in  the 
region  of  the  ciliated  bands  and  elsewhere,  is  prolonged. 

The  origin  of  the  ambulacral  system,  before  it  has  the 
form  of  a  caecum  with  a  dorsal  pore,  has  not  been  made  out. 
The  blind  end  of  this  caecum  lies  on  the  left  side  of  the  ali- 
mentary canal,  and  is  connected  with  a  discoidal  body,  which 
is  situated  on  the  left  side  of  the  stomach  ;  a  similar  body  ap- 
pears on  the  right  side.  Doubtless  these  discoidal  bodies  an- 
swer to  the  peritoneal  diverticula  of  the  alimentary  canal  of 
the  Echinopaedium  in  other  Echinoderms. 

The  blind  end  of  the  tube  enlarges,  and  gives  rise  to  a 
rosette,  whence  the  ambulacral  vessels  proceed ;  and  a  de- 
pression of  the  integument  of  the  larva,  forming  the  so-called 
umbo,  extends  inward  to  this.  At  the  bottom  of  the  umbo, 
a  new  mouth  opens  through  the  centre  of  the  rosette  into  the 
gastric  cavity  of  the  larva,  the  primitive  oesophagus  being 
abolished.  The  larval  skeleton  undergoes  resorption,  but  the 
rest  of  the  Echinopaedium  passes  into  the  Echinoderm.' 

Loven  has  recently  drawn  attention  to  the  fact  that,  in 
young  Echinids,'  the  plates  of  the  apical  region  are  not  only 
more  conspicuous  in  relation  to  the  corona,  but  differ  some- 
what in  their  arrangement  from  those  of  the  adult.  Thus 
the  anus  is  at  first  wanting,  and  the  anal  plate,  which  occu- 
pies the  centre  of  the  apical  area,  is  relatively  large  ;  it  is 
united  by  its  edges  with  the  five  plates,  which,  imperforate  in 
the  young,  will  become  the  genital  plates  in  the  adult.  The 
five  ocular  plates  are  also  imperforate,  and  are  disposed  in  a 
circle  outside  that  formed  by  the  genital  plates,  their  inter- 
spaces being  occupied  by  interambulacral  plates.  The  apical 
region  of  an  Eohinid  has  thus,  as  Lov^n  points  out,  a  most 
striking  resemblance  to  the  calyx  of  a  Crinoid  ;  the  anal 
plate  representing  the  hasalia,  the  genital  plates  the  para- 
basalia,  and  the  ocular  plates  the  first  radialia. 

The  Cbinoidba. — This  remarkable  group,  which  abounded 
in  former  periods  of  the  world's  history,  is  represented  at  the 

^  See^  in  addition  to  the  memoirs  oiUSller  and  Metschnikoff  already  cited, 
A.  Ajgfassiz,  **  On  the  Embryology  of  Echinoderms."  ("  Mem.  American  Acad- 
emy of  Sciences,"  1864.) 

«  The  admiraole  monograph  of  A.  Agassiz,  "  Revision  of  the  Echini,"  pub- 
lished in  the  *'  Illustrated  Catalo^e  of  the  Museum  of  Comparative  Zoology  at 
Harvard  College,"  is  also  fall  of  information  respecting  the  young  states  of  the 
Echinids. 
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present  day  only  by  the  genera  Antedon  ( ComattdaL  Acti- 
nometra^  Vomaster^  Pentacrinus^  Ilhizocrinus^  and  Holopus. 

The  first  three  genera  are  capable  of  locomotion,  while 
the  next  two  are  attached  by  long  articulated  stems  to  sub- 
marine bodies.  HolopuSy  which  is  but  imperfectly  known, 
appears  to  be  fixed  by  a  short,  thick,  un jointed  prolongation 
of  its  base. 

JRhizocri7iics  lofotensis  (Fig.  146),  which  has  been  very 
carefully  and  elaborately  described  by  Sars,^  is  a  small  animal 
which  does  not  attain  more  than  three  inches  in  length,  and 
lives  at  great  depths  (100-300  fathoms  or  more)  in  the  sea. 
It  consists  of  a  relatively  long,  many-jointed  stem,  from  many 
of  the  articulations  of  which,  branched,  root-like  filaments, 
or  c^V/•^,  are  given  off  ;  at  the  summit  of  this  is  seated  a  cup- 
shaped  body,  the  cdlj/x,  from  the  margins  of  which  five  to  seven 
arms  {brachia)  radiate.  To  each  arm  is  attached  a  double 
series  of  alternating  pinnvloB.  The  mouth  is  situated  in  the 
centre  of  that  part  of  the  perisoma  which  forms  the  surface 
of  the  calyx  opposite  to  the  stem.  The  oral  aperture  is  cir- 
cular, but  five  (or  sometimes  only  four)  triangular  lobes  of 
the  perisoma,  with  rounded  free  ends,  project  over  it,  and, 
when  shut,  close  it  like  so  many  valves.  From  the  inter- 
vals between  these  oral  valves  five  (rarely  four)  grooves  trav- 
erse the  oral  surface  of  the  calyx,  and  extend  thence 
throughout  the  whole  length  of  each  arm,  giving  offsets  as 
they  go  to  the  pinnules.  Thus  the  oral  surface  of  each  arm 
and  of  each  pinnule  is  deeply  excavated. 

Between  the  circular  lip  and  the  oral  valves,  soft  flexible 
tentaculiform  pedicels  are  attached  in  a  single  series.  Two 
pairs  of  pedicels  correspond .  to  every  valve,  each  pair  aris- 
ing opposite  the  basal  angle  of  a  valve.  These  pedicels  are 
hollow,  their  surface  is  papillose,  and  the  outer  or  radial  pedi- 
cel of  each  pair  is  very  contractile.  Pedicels  of  the  same 
general  character  are  continued  throughout  the  brachial  and 
pinnular  grooves. 

The  anus  is  situated  at  the  end  of  a  conical  prominence 
between  two  of  the  grooves  on  the  oral  face  of  the  calyx,  and 
is  therefore  interradial  in  position  (Fig.  146,  III.  an). 

The  skeleton  consists  of  very  numerous  pieces  resulting 
from  the  calcification  of  the  perisoma.  In  the  stem  they  have 
the  form  of  elongated,  subcylindrical,  or  hour-glass-shaped, 
joints  (articidi)^  the  opposed  faces  of  which  are  united  by 

1^*  M^moires  pour  servir  k  la  oonnaissanoe  des  Crinoldes  vivants,"  186& 
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strong  elastic  ligamentous  fibres.  The  centre  of  each  is 
traversed  by  a  longitudinal  axial  canal,  which  extends 
through  the  whole  length  of  the  stem  and  is  occupied  by  a 


;  A,  larml  JoIhIboT  tba 

-      - ortntM  hsTlDB  fiye  weU- 

;  a,  flrttisdlalB;  r'.r',  Becond  aridtlilrd  radlale; 
y.  nnt  Dracmai ;  p.  p,  pmnniee. 

,  Upper  piit  of  t)ie  stem  and  oral  &ce  of  ths  calfx,  viewed  obllqasly :  v.  lower 
part  of  vlfceml  m»a» :  tt,  tenlacaUi  gtouTse ;  0,  onl  nlree ;   (,  oral  tentacles  1 


soft  but  solid  substance.  The  distal  joint  of  the  stem  is  not 
directly  fixed  to  the  surface  to  which  the  Criuoid  is  attached, 
but  is  connected  therewith  by  the  branched  cirri  which  pro- 
ceed from  it.  Each  cirrus  has  a  skeleton  composed  of  joints 
or  articuli,  somewhat  like  those  of  the  stem,  and  traversed  by 
a  prolongation  of  the  axial  canal.  Similar  cirri  are  developed 
from  a  larger  or  smaller  number  of  the  articuli  of  the  distal 
portion  of  the  stem. 

The  proximal  joints  become  gradually  shorter  in  propor- 
tion to  their  length,  until  they  assume  a  discoidal  form.  It 
appears  that  new  articuli  are  continually  added  at  that  end  of 
the  stem  which  lies  nearest  the  calyx. 

The  summit  of  the  stem,  or  the  base  of  the  calyx,  is 
formed  by  an  enlarged,  solid,  pear-shaped  ossicle,  which  is 
probably  formed  by  ^e  coalescence  of  several  articvU.    Upon 
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this  follow  five  pieces  (first  radialia)  closely  united  together 
and  with  a  central  piece,  which  probably  represents  the  basa- 
lia  of  other  Crinoids.  The  first  radial  corresponds  in  direc- 
tion with  the  origin  of  one  of  the  arms,  and  is  followed  by  a 
second  and  third  radial.  With  the  third  radial  is  articulated 
the  first  of  the  brachial  ossicles,  which  constitute  the  skele- 
tal support  of  the  unbranched  brachia.  The  pinnules  are  also 
supported  by  a  series  of  elongated  calcified  joints,  the  basal 
joint  being  articulated  with  a  brachial  ossicle  and  the  distal 
joint  pointed. 

The  axial  canal  dilates  in  the  enlarged  pyriform  ossicle 
above  mentioned ;  and,  from  the  dilatation,  branches,  which 
traverse  the  radial  and  the  pinnular  ossicles,  are  given  ofi^. 
There  is  a  calcareous  plate  in  the  substance  of  each  oral  valve, 
and  minute  reticulated  calcifications  are  scattered  through  the 
perisoma  of  the  oral  face  of  the  disk. 

The  sides  of  the  radial  grooves  are  provided  throughout 
with  a  double  series  of  oval  calcareous  plates — the  marginal 
lamellcB — which  are  disposed  transversely  to  the  groove,  those 
of  opposite  sides  alternating  with  one  another.  They  can  be 
erected  or  depressed  ;  and,  in  the  latter  case,  overlap  one  an- 
other like  tiles. 

In  JPentacrinua,  the  long  stem  is  fixed  by  its  distal  end, 
and  the  pentagonal  articuli  of  its  skeleton  give  off,  at  inter- 
vals, whorls  of  unbranched  cirri.  No  distinct  basal  piece  is 
known,  but  the  calyx  appears  to  begin  with  the  five  first  radi- 
alia. At  the  third  radiale,  the  series  bifurcates  into  two 
series  of  brachialiay  and  these  again  bifurcate  to  give  rise  to 
the  palmaria,  which  support  the  free  arms.  There  are  mar- 
ginal lamellae  along  the  sides  of  the  tentacular  grooves,  and  a 
longitudinal  series  of  calcareous  ossicles  occupies  the  floor  of 
each  groove.  The  anus  is  situated  upon  an  elevated  inter- 
radial  cone. 

The  body  of  an  adult  Comatula  (Antedon)  answers  to  the 
calyx,  with  its  brachia,  in  other  Crinoids. 

The  centre  of  the  skeleton  is  constituted  by  a  large  eentro- 
dorsal  ossicle,  articulated  with  the  aboral  face  of  which  are 
the  numerous  cirri,  by  which  the  Antedon  ordinarily  grasps 
the  bodies  to  which  it  adheres,  though  it  is  able,  on  occasion, 
to  swim  freely  about.  This  centro-dorsal  ossicle  appears  to 
be  the  homologue  of  the  uppermost  part  of  the  stem  in  the 
Pentacrimbs.  There  are  five  divergent  series  of  radialia^ 
each  containing  three  ossicles.  The  first  radials,  or  those 
nearest  the  centro-dorsal  plate,  are  closely  adherent  to  one 
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another  and  to  the  centro-dorsal  plate,  and  are  not  visible  on 
the  outer  surface  of  the  calyx.  The  space  left  between  the 
apices  of  the  five  first  radials  is  occupied  by  a  single  plate, 
the  rosette^  which  is  formed  by  the  coalescence  of  the  ^\q 
hasalia  present  in  the  larva. 

The  anatomy  of  the  soft  parts  of  the  Crinoidea  has  been 
most  thoroughly  investigated  in  the  genus  Comatula  {An- 
tedon).^ 

Tbe  mouth  leads,  by  a  short,  wide  gullet,  into  a  spacious 
sacculated  alimentary  canal,  which  is  coiled  upon  itself  in 
such  a  manner  as  to  make  about  one  turn  and  a  half  around 
the  axis  of  the  body,  and  then  terminates  in  the  projecting 
rectal  cone,  which,  as  has  already  been  seen,  is  situated  inter- 
radially  on  the  oral  face  of  the  calyx.  The  central  cavity, 
included  by  the  coil  of  the  alimentary  canal,  is  occupied  by  a 
sort  of  core  of  connective  tissue,  and  has  received  the  name 
of  columella,  but  it  must  be  understood  that  it  is  not  a  dis- 
tinct structure.  Bands  of  connective  tissue  connect  the  outer 
periphery  of  the  alimentary  canal  with  the  perisoma. 

The  five  triangular  lobes  of  the  perisoma,  which  surround 
the  mouth  like  so  many  valves,  contain  no  calcareous  skele- 
ton in  the  adult  Antedon,  Within  these  lobes,  attached  to 
the  oral  membrane,  there  is  a  circle  of  tentacula.  From  the 
interval  between  each  pair  of  oral  valves,  a  groove  radiates 
outward  over  the  surface  of  the  caljcine  perisoma  and  speed- 
ily bifurcates  ;  one  branch  goes  to  the  oral  surface  of  each  of 
the  arms,  and  runs  along  it  to  its  extremity,  giving  off  alter- 
nate lateral  branches  to  the  pinnules  in  its  course. 

These  grooves  are  the  ambulacral  grooves.  Their  sides 
are,  as  it  were,  fenced  by  small,  lobed  processes  of  the  peri- 
soma ;  and,  on  the  inner  sides  of  these  processes,  groups  of 
minute  pedicels  take  their  origin  from  the  sides  of  the  floor 
of  the  groove.  A  thickened  band  of  the  ectoderm  occupies 
the  middle  of  the  floor,  and  so  strikingly  resembles  the  ambu- 
lacral nerve  of  the  Star-fish  that  the  homology  of  the  two, 

1  Carpenter, "  On  the  Structure,  Physiology,  and  Development  of  ComMulaP 
("Phil.  Trans.,"  1866.) 

«  E.  Perrier,  *'  Recherches  sur  TAnatomie  de  la  Comatula  rosacea"  ("Arch. 
de  Zoologie  Exp^rimentale,"  1873).    Semper,  "  Kurze  anatomische  Bemerkun- 

Sen liber  Oomatula"  (**  Wurzburg  Arbeiten,"  1874).  Ludwig,  '*  Zur  Anatomie 
er  Orinoideen"  (Zeitschrift  fur  wise,  Zool.,  1876).  Carpenter,  *'  On  the  Struct- 
ure, Physiology,  and  Development  of  Antedon"  (*'Proc.  Royal  Society," 
1876).  Greef,  *^ Ueber  den  Bau  der  Crinoideen  "  ("  Marburg  Sitzungsberichte," 
1876).  P.  H.  Carpenter,  "  Remarks  on  the  Anatomy  of  the  Arms  of  the  Cri- 
noids  "  {Journal  of  Anat.  and  Physiology^  1876). 
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first  asserted  bj  Ludwig,*  cannot  be  doubted.  Immediately 
beneath  it  runs  a  small  canal,  discovered  by  Dr.  Carpenter, 
and  termed  by  him  the  tentacular  canal,  which  gives  off  lat- 
eral branches  to  communicate  with  the  cavities  of  the  pedi- 
cels. A  second  much  wider  canal — ^the  subtentacular  canal — 
lies  beneath  this,  and  is  divided  by  a  longitudinal  septum. 
But  the  septum  is  incomplete  at  intervals,  and  thus  the  two 
canals  communicate.  A  third,  still  larger — cceliac  canal — is 
interposed  between  the  floor  of  the  subtentacular  canal  and 
the  axial  skeleton  of  the  arm. 

Where  the  arm  joins  the  calyx  the  tentacular  canals  run 
beneath  the  ambulacral  groove  to  the  gullet,  around  which 
they  are  united  by  a  circular  canal,  from  which  numerous 
short  diverticula,  resembling  the  vasa  amhulacralia  cavi  in 
the  Ophiurids,  described  by  Simrock  {I,  c),  depend.  The 
subtentacular  and  coeliac  canals  communicate  with  channels 
in  the  perivisceral  tissue,  on  the  oral  or  the  aboral  face  of  the 
visceral  mass ;  and  these  channels  appear,  eventually,  to 
open  freely  into  the  cavities  by  which  the  columella  is  trav- 
ersed. 

In  the  partition  between  the  subtentacular  and  the  coeliac 
canals  there  lies  a  cellular  cord,  or  rachis,  which  can  be  traced 
back  into  a  reticulation  of  similar  tissue  in  the  visceral  mass. 
The  genital  glands  contained  in  the  pinnules  are  enlargements 
of  lateral  branches  of  this  rachis.  But  the  rachis  is  appar- 
ently only  an  extension  of  the  mesodermal  tissue  of  the  vis- 
ceral mass,  comparable  to  that  in  which  the  genitalia  are 
lodged  in  the  Star-fishes  ;  and  the  multiplication  of  the  geni- 
tal glands  may  be  regarded  as  a  further  extension  of  the 
structure  which  obtains  in  Sriainga,  Thus  it  would  seem 
that  the  position  of  the  genital  glands  in  the  Crinoids  is  not 
so  anomalous  as  it  at  first  appears  to  be. 

The  centro-dorsal  tubercle  contains  a  cavity  with  which 
the  canals  which  traverse  the  ossicula  of  the  cirri,  the  calyx, 
the  brachia,  and  the  pinnules  communicate.  This  cavity  was 
considered  by  Muller  to  be  a  heart.  It  proves,  however,  to 
be  largely  filled  by  solid  tissue,  which  is  continued  not  only 
into  all  the  canals  which  traverse  the  ossicula,  but  also  into 
the  columella,  or  tissue  which  occupies  the  centre  of  the  coils 
of  the  alimentary  canal. 

Dr.  Carpenter'  is  of  opinion  that  so  much  of  this  axial 

>  ZeUschriftfur  ttnss.  Zoologie^  1876. 

«  »*  Proceedings  of  the  Royal  Society,"  1876. 
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tissue  as  occupies  the  cavity  of  the  central  tubercle,  and  is 
continued  throughout  the  ossicula  of  the  calyx  and  arms,  is 
the  proper  central  organ  of  the  nervous  system;  founding 
this  opinion  partly  upon  the  fact  that,  when  this  mass  is  irri- 
tated in  a  living  Antedon^  a  sudden  contraction  of  all  the 
muscles  of  the  arms  takes  place,  and  partly  upon  the  distri- 
bution of  the  ultimate  ram ilicat ions  of  the  axial  tissue  in  the 
arms.  Greef,  on  the  contrary,'  affirms  that  all  these  tracts  can 
be  injected,  and  retains  the  name  of  "  heart "  for  the  cavity 
of  the  centro-dorsal  tubercle. 

The  perisoma  of  the  oral  surface  of  Comatula  exhibits  a 
great  number  of  minute  circular  pores,  with  thickened  cellu- 
lar margins.  Greef  has  discovered  that  these  are  the  external 
apertures  of  canals,  with  ciliated  walls,  which  open  into  the 
body-cavity,  and  readily  allow  fluids  to  pass  into,  or  out  of, 
that  cavity.  ' 

Each  mature  ovary  of  Antedon  has  a  distinct  aperture, 
through  which  the  ova  are  discharged,  and  to  which  they  ad- 
here for  some  days  like  bunches  of  grapes.  The  testis  devel- 
ops no  special  aperture,  but  the  spermatozoa  appear  to  be 
discharged  by  dehiscence  of  the  integument. 

Since  the  discovery  by  Vaughan  Thompson  that  Comatula 
passes  through  a  Pentacrinoid  larval  condition,  the  develop- 
ment of  the  free  Crinoids  has  been  the  subject  of  various  in- 
vestigations,'* and  the  following  results  may  be  regarded  as 
established : 

Complete  yelk-division  takes  place.  The  morula  acquires 
an  oval  form,  and  develops  four  hoop-like  bands  of  cilia, 
with  a  tuft  of  cilia  at  the  hinder  end.  Between  the  third  and 
fourth  bands  of  cilia,  counting  from  the  anterior  end  of  the 
Eohinopaedium,  the  blastoderm  becomes  invaginated,  and 
gives  rise  to  an  archenteron.  In  the  interspace  between  this 
blind  sac,  the  wall  of  which  is  the  hypoblast,  and  the  epiblast, 
constituted  by  the  rest  of  the  blastoderm,  a  mesoblast  com- 
posed of  reticulated  cells  makes  its  appearance.  The  blasto- 
pore closes,  while  the  archenteron  detaches,  itself  from  its 
attachment  to  the  posterior  ventral  face  of  the  larva,  and  be- 
comes connected  with  an  oesophageal  involution  formed  at  its 
anterior  end.  The  archenteron  next  throws  out  three  diver- 
ticula, of  which  two  are  lateral  and  one  is  ventral.     The  lat- 

»  "  Ueber  das  Herz  der  Crinoideen  "  ("  Marburg  Sitzunffsberichte,"  1876). 

« ^66 WyviUe-Thompson  ("Phil.  Trans.,"  1865),  Metschnikoff ("Bulletin 
de  PAcad.  Imp.  des  Sciences  de  St.-P^tersbourg,'»  1871\  and  esoeclally  Gotte 
("  Archiv  fur  Mikroskopische  Anatomie,"  1876). 
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eral  diverticula  enlarge,  and  apply  themselves  to  the  rest  of 
the  archenteron,  now  become  the  intestine,  from  which  they 
are  soon  completely  shut  off,  and  converted  into  peritoneal 
sacs.  The  left  sac  thus  formed  lies  on  the  ventral  side  of  the 
intestine,  the  right  sac  on  its  dorsal  side.  The  walls  of  the 
two  sacs  become  applied  together,  and  form  a  circular  mesen- 
tery. The  peritoneal  sac  of  the  aboral  side  sends  a  pro- 
cess into  the  hinder  end  of  the  body,  which  has  begun  to 
elongate,  in  order  to  give  rise  to  the  stem  of  the  Pentacrinoid 
form. 

The  third,  or  ventral,  diverticulum  is  shut  off  from  tlie 
alimentary  canal  much  later  than  the  other  two.  It  grows 
round  the  mouth,  and  gives  rise  to  the  circular  ambulacral 
vessel,  whence  the  tentacular  canals  are  given  off. 

Ten  plates,  each  consisting  of  a  calcareous  network,  aud 
arranged  in  two  rows  of  five  each,  next  appear  in  the  sub- 
stance of  the  Echinopaedium  around  the  alimentary  canal. 
From  the  centre  of  the  posterior  row,  eight  calcareous  rings 
extend  through  the  length  of  the  body  of  the  larva,  inclosing 
the  backward  prolongation  of  the  aboral  peritoneal  sac  ;  and 
the  series  terminates  by  a  broad,  discoidal  network,  which  lies 
on  one  side  of  the  posterior  end  of  the  larva.  This  discoidal 
plate  is  that  which  occupies  the  attached  end  of  the  stem  of 
the  future  Crinoid  ;  the  rings  become  the  stem^  and  the  two 
circles  of  plates  the  basal  and  oral  ossicula  of  the  calyx,  re- 
spectively. As  the  stem  elongates,  new  rings  (articuli)  are 
added  at  the  junction  of  the  stem  with  the  calyx. 

The  larva  now  fixes  itself  by  the  discoidal  end  of  its  stalk, 
which  becomes  relatively  longer  and  narrower  ;  while  the 
part  of  the  body  which  contains  the  basal  and  oral  plates,  and 
is  to  be  converted  into  the  calyx,  remains  thick  and  short. 
Its  broad  end  becomes  five-lobed,  each  lobe  answering  to  an 
oral  plate.  These  plates  separate  like  the  petals  of  a  flower- 
bud,  and  discover,  in  the  centre,  the  wide,  permanent  oral 
aperture.  Between  the  margins  of  this  and  the  oral  plates, 
tentaculiform  pedicels,  at  first  only  five,  but  eventually  ar- 
ranged in  groups  of  three,  between  every  pair  of  oral  plates, 
make  their  appearance. 

The  alimentary  cavity  is  still  a  mere  sac,  without  intestine 
or  anus. 

Five  radial  plates  next  appear  in  the  wall  of  the  calyx,  be- 
tween the  basal  and  the  oral  plates,  and  alternating  with  both ; 
and,  in  correspondence  with  them,  the  arms  grow  out  as  rap- 
idly-elongating processes,  in  which  the  other  radials  are  sue- 
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cessively  developed.  The  entire  zone  of  the  calyx,  which  is 
occupied  by  the  origins  of  the  arms,  at  the  same  time  widens, 
so  that  the  oral  plates,  which  remain  round  the  mouth,  and 
the  basal  plates,  which  encircle  the  stem,  become  widely  sep- 
arated. The  intestine  grows  out  as  a  diverticulum  of  the 
alimentary  cavity,  and  opens  on  an  interradial  elevation  of  the 
calyx,  in  which  an  anal  plate  is  developed.  The  young  Echi- 
noderm  has  now  passed  into  the  stalked  Pentacrinoid  stage. 

In  GomatuLa^  the  oral  and  anal  plates  disappear  altogether, 
and  the  basals,  coalescing  into  the  rosette,  are  hidden  by 
the  first  radials,  on  the  one  hand,  and  the  centro-dorsal  tuber- 
cle, which  represents  coalesced  joints  of  the  stem,  on  the 
other.  The  arms  bifurcate  and  acquire  their  pinnules  ;  and 
the  calyx,  with  its  appendages,  eventually  becomes  detached 
from  its  stem  as  a  free  Comatula,  In  the  existing  stalked 
Crinoids,  such  as  PentacrinuSy  on  the  other  hand,  the  seg- 
ments of  the  stem  acquire  whorls  of  cirri,  at  intervals,  and  no 
such  modification  of  the  uppermost  segments  into  a  centro- 
dorsal  tubercle  takes  place. 

On  comparing  the  facts  of  structure  and  development 
which  have  now  been  ascertained  in  the  five  existing  groups 
of  the  Echinodermata^  it  is  obvious  that  they  are  modifications 
of  one  fundamental  plan.  The  segmented  vitellus  gives  rise 
to  a  ciliated  morula,  and  this,  by  a  process  of  invagination,  is 
converted  into  a  gastrula,  the  blastopore  of  which  usually  be- 
comes the  anus.  A  mouth  and  gullet  are  added,  as  new  for- 
mations, by  invagination  of  the  epiblast.  The  embryo  normally 
becomes  a  free  Echinopsedium,  which  has  a  complete  alimen- 
tary canal,  and  is  bilaterally  symmetrical.  The  cilia  of  its 
ectoderm  dispose  themselves,  in  one  or  more  bands,  which 
surround  the  body  ;  and,  while  retaining  a  bilateral  sym- 
metry, become  variously  modified.  In  the  Holothuridea^  As- 
teridea,  and  Crinoidea,  the  larva  is  vermiform,  and  has  no 
skeleton  ;  in  the  Echinidea  and  the  Ophiuridea  it  becomes 
pluteiform,  and  develops  a  special  spicular  skeleton. 

If  an  Echinopaedium  were  to  attain  reproductive  organs,, 
and  reproduce  its  kind,  I  think  that  it  cannot  be  doubted  that 
its  nearest  allies  would  be  found  among  the  Ihirbellaria^  the. 
Sotifera,  the  Oephyrea^  and  the  Enteropneusta?     But  that 

» In  a  report  upon  the  "  Researches  of  Prof.  M"iller  into  the  Anatomy  and 
Development  of  toe  Echinoderms,"  published  in  the  Annals  of  Natural  Mt- 
Uyry  for  July,  1851, 1  drew  attention  to  the  affinities  of  the  Echinoderms  with 
tile  Worms';  and  in  a  paper  on  Lacinularia  socialise  read  before  the  Micro- 
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which  characterizes  the  Echinodermata  is  the  fact  that  the 
alimentary  canal  of  the  Eohinopaedium  gives  rise  to  an  en- 
terocoele,  which  again  is  subdivided  into  two  systems  of  cav- 
ities, one  ambulacral  and  the  other  peritoneal,  and  that  the 
*  mesoblast  becomes  modified  in  accordance  with  the  arrange- 
ment of  these  systems.  The  enterocoele  may  be  formed  by 
one  diverticulum  or  by  three.  In  the  former  case,  the  first 
formed  becomes  subdivided  into  three,  of  which  one  is  ante- 
rior, and  two  lateral,  as  in  the  latter  case.  The  lateral  di- 
verticula give  rise  to  the  peritoneal  cavity  and  its  lining  ; 
the  medium  diverticulum  is  converted  into  the  circular  ambu- 
lacral vessel  and  its  dependencies ;  and  it  is  in  consequence 
of  the  radiating  disposition  of  the  latter,  and  of  the  nerves 
and  muscles  which  are  related  to  it,  that  the  Echinoderm  pos- 
sesses so  much  radial  symmetry  as  it  displays.  It  is  clear, 
therefore,  that  the  radial  symmetry  of  the  Echinoderm  results 
from  the  secondary  modification  of  an  animal,  which  is  primi- 
tively bilaterally  symmetrical ;  and  that  the  apparently  radi- 
ate Echinus^  or  Star-fish,  is  a  specially  modified  "  Worm  '* 
(using  that  term  in  its  widest  sense),  in  the  same  sense  as  the 
apparently  radiate  Coronula  is  a  modified  Arthropod. 

Haeckel  goes  further  than  this,  and  supposes  that  each  ray 
of  a  Star-fish  or  Ophiurid,  for  example,  represents  a  Worm, 
and  that  the  Echinoderm  consists  of  coalesced  vermiform 
buds,  developed  in  the  interior  of  the  Eohinopaedium.  I 
must  confess  my  inability  to  see  that  this  hypothesis  is  sup- 
ported by  valid  reasons.  On  the  contrary,  the  more  closely 
one  compares  the  structure  of  the  ray  of  an  Echinoderm  with 
the  body  of  any  known  Annelid,  the  more  difficult  does  it  ap- 
pear to  me  to  be  to  find  any  real  likeness  between  the  two. 

In  order  to  find  any  analogy  for  the  production  of  the 
Echinoderm  within  the  Echinopaedium,  on  the  contrary,  it  ap- 
pears to  me  that  we  must  look  to  the  lower,  and  not  to  the 
higher,  morphological  types.  Among  the  Hydrozoa^  nothing 
is  commoner  than  the  distribution  of  the  f  uncticms  of  life  be- 
tween two  distinct  zooids,  one  of  which  alone  develops  repro- 
ductive organs.     In  the  former — the  hydranth — radial  sym- 

scopical  Society  in  the  same  year,  I  expressed  the  view  that  the  Rotifera  "  are 
the  permanent  fonns  of  Echinoderm  larvae,  and  hold  the  same  relation  to  the. 
Echmoderms  that  the  Hydriform  Polypi  hold  to  the  Medusae,"  and  that  thev 
"connect  the  Echinodefms  with  the  Nematidae  and  the  Nematoid  Worms.*' 
When  they  were  published,  those  who  did  not  ignore  these  views,  ridicided 
them.  Nevertheless,  though  somewhat  crudeljr  expressed,  I  think  it  will  be 
admitted  that  they  have  been  substantially  justified  oy  the  progreBS  of  knowl- 
edge during  the  last  ouarter  of  a  century. 
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metry  is  often  hardly  discernible  (e.g.,  CdlycophoridoB\\  in  the 
latter — the  medtisoid — it  is  very  marked,  and  especially  char- 
acterizes the  arrangement  of  the  gastro-vascular  canals,  which 
are  offshoots  of  the  alimentary  cavity,  and,  if  they  became 
shut  off  therefrom,  would  answer  to  the  enterocoele  of  the 
Echinoderm. 

Suppose  that,  from  a  hydranth  such  as  that  of  a  Diphyes^ 
a  medusoid  were  developed,  and  that,  instead  of  projecting 
from  the  exterior  of  the  body,  it  remained  hypodermic,  spread- 
ing out  between  the  ectoderm  and  the  endoderm  of  the  hy- 
droid,  and  consequently  superinducing  a  very  marked  radial 
symmetry  upon  it.  The  resulting  form  would  give  us  a 
Coelenterate  which  would  be  a  close  analogue  of  an  Echino- 
derm. 

In  a  certain  sense,  an  Actinozoon  may  be  fairly  regarded 
as  such  a  combination  of  a  hydroid  with  its  medusoid ;  and, 
hence,  it  must  be  conceded  that  the  parallel  between  the  gas- 
tro-vascular system  of  the  Ctenophora  and  the  ambulacral 
system  of  the  Echinoderms,  instituted  by  the  elder  Agassiz^ 
was  well  worthy  of  consideration.  Shut  off  the  gastro-vascu- 
lar canals  of  a  Cydippe  from  the  alimentary  canal,  and  they 
become  an  entetocoele,  of  which  the  prolongations  along  the 
stomach  may  be  compared  with  the  peritoneal  sacs,  and  those 
beneath  the  paddles  with  the  ambulacral  vessels  of  the  Echino- 
derm. 

But  there  is  a  long  step  between  the  admission  of  the  force 
of  these  analogies,  and  the  conclusion  that  the  Echinoderms 
and  the  Coelenterata  are  so  closely  allied  as  to  be  properly 
associated  in  one  natural  assemblage  of  '^  Radiate  "  animals. 
On  the  contrary,  the  Echinoderm,  by  its  Echinopaedium  stage; 
shows  an  advance  in  organization  far  beyond  anything  known 
in  the  Coelenterata  ;  and  in  the  highly-characteristic  mode  of 
development  of  its  enterocoele  (the  elucidation  of  which  in 
the  "  Star-fishes,"  by  Prof.  A.  Agassiz,  is  the  most  important 
advance  in  our  knowledge  of  the  Echinoderms  made  since 
the  time  of  Muller),  the  Echinoderm  agrees  with  the  higher, 
and  not  with  the  lower,  Metazoa. 

Echinodermata  abound  in  the  fossil  state.  Calcareous 
plates,  referred  to  the  Holothuridea^  occur  in  the  Mesozoic 
rocks,  but  are  not  known  earlier.  The  Star-fishes  are  met 
with  in  the  older  PalsBozoic  strata,  under  forms  very  similar 
to  some  of  those  which  now  exist.  The  Echinidea  abound 
from  the  Upper  Silurian  (PcUoBchinus)  onward.     The  Palaeo- 
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zoic  forms  are  spherical,  and  have  multiple  interambulacral 
plates  and  simple  ambulacra.  JEJchinidea  of  the  modern  type 
appear  in  the  Mesozoic  strata — the  ^Jchinoida  first,  while  the 
SpcUangoida  and  Clypeastroida  are  of  later  date.  This  order 
of  occurrence  agrees  with  the  embryonic  development  of  the 
two  latter  groups,  which  are  more  nearly  spherical  when  young 
than  subsequently. 

The  Crinoidea  abound  in  the  Palaeozoic  and  older  Meso- 
zoic rocks,  gradually  diminishing  in  number  in  later  forma- 
tions. The  oldest  appear  to  have  all  been  stalked,  and  of 
peculiar  and  extinct  types. 

Three  groups  are  wholly  extinct,  and  are  unknown  in 
strata  newer  than  the  Carboniferous  formation.  These  are 
the  Cystidea^  the  Edrioaaterida^  and  the  Blastoidea, 

The  Ctshdea. — In  their  general  characters  the  Cyatidea 
come  very  near  the  Crinoids.  Cryptocrinus^  the  simplest 
form  of  the  group,  possesses  a  calyx  supported  on  a  stem,  and 
composed  of  five  basalia^  five  parahascdia^  and  five  radialia. 
An  interradial  aperture  is  surrounded  by  a  cone  of  small 
plates,  termed  the  pyramid.  The  antambulacral  surface  has 
no  pores,  but  these  were  present  in  other  genera,  and  sometimes 
are  scattered  irregularly  ( Garyocrinus) ;  sometimes  disposed 
in  pairs  (Sphceronites) ;  while  sometimes  they  take  the  form 
of  parallel  slits  arranged  in  "  pectinated  rhombs."  The  arms 
were  free  ( Comarocystites)^  or  recurved  and  closely  applied 
to  the  calyx.  They  bore  pinnules,  which,  in  consequence  of 
the  non-development  of  the  arms,  were  sometimes  sessile  on 
the  radialia.  In  the  species  with  recurved  arms,  the  latter 
simulate  calycine  ambulacra.  There  is  an  aperture  placed  in 
the  centre  of  the  calyx  at  the  point  of  convergence  of  the 
ambulacra ;  another  small  one  on  one  side  of  this  ;  and,  third- 
ly, the  aperture  of  the  pyramid.  The  first  of  these  is  conif 
monly  regarded  as  the  mouth,  the  second  as  the  anus,  the 
third  as  the  reproductive  aperture. 

The  Cystidea  would,  on  this  interpretation,  differ  from  all 
other  Echinodermata^  except  the  JEdriodsterida  and  Solor 
thtiridea^  in  the  genital  outlet  being  single  ;  but  around  the 
central  aperture  five  pores  are  seen,  in  some  species  at  least, 
to  which  a  genital  function  has  been  ascribed.  In  any  case, 
the  Cyatidea  would  appear  to  come  very  close  to  the  Cri- 
noidea. 

The  Edbioastebida. — This  group  contains  several  genera 
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of  extinct  Echinoderms  {Edrioaster^  AgelacriniteSy  SemicyS" 
tites),  which,  in  general  forra,  somewhat  resemble  what  the 
Asterid  Goniaster  would  be  if  its  angles  were  rounded  oflF. 
Like  the  Cystidea^  they  possess  an  interambulacral  jt>y ram wf, 
but  they  differ  from  them  in  that  they  have  ambulacra  per- 
forated by  canals  which  open  directly  into  the  cavity  of  the 
calyx,  and  that  they  possess  no  arms.  The  ^drioasterida 
have  no  stem,  but  seem  to  have  been  attached  by  the  abo- 
ral  face  of  the  body. 

The  Blastoidba. — In  Pentremitea^  the  representative  of 
this  order,  the  ambulacral  and  antambulacral  regions  are 
nearly  on  an  equality:  the  body  is  prismatic  or  subcylin- 
drical.  The  pedunculated  calyx  is  composed  of  three  basal 
plates,  two  of  which  are  double.  The  aboral  plates  receive 
in  their  intervals  five  plates  deeply  cleft  above.  In  the  clefts 
lie  the  apices  of  the  ambulacra,  the  oral  portions  of  which  are 
included  between  the  five  deltoid  interradial  pieces  which 
surround  the  mouth.  The  cleft  plates  are  not  radials,  but 
portions  of  the  perisomatic  skeleton  of  the  aboral  region. 
Surrounding  the  central,  probably  oral,  aperture,  are  four 
double  pores,  and  a  fifth  divided  into  three.  The  median  of 
these  three  seems  to  be  anal,  the  others  and  the  paired  pores 
•  being  genital.  Each  ambulacrum  is  lanceolate  in  form,  and 
presents  superficially  a  double  row  of  ossicles,  which  meet  in 
the  middle  line  and  support  pinnules  at  their  outer  extremi- 
ties ;  beneath  them  lies  a  single  plate,  perhaps  the  homologue 
of  the  vertebral  ossicles  in  the  Ophiuridea  ;  beneath  it  again 
are  parallel  canals,  the  nature  of  which  is  unknown. 


CHAPTER  X. 

THE  TUNICATA  OB  ASCIDIOIDA. 

This  remarkable  and,  in  many  respects,  isolated  group  of 
marine  animals  contains  both  simple  and  composite,  lixed  and 
free,  organisms.  None  attain  a  length  of  more  than  a  few 
inches,  and  some  are  minute  and  almost  microscopic. 

The  simplest  members  of  the  group,  and  those  the  struct- 
ure of  which  is  most  readily  comprehensible,  are  the  Appeu' 
dicularicB  /  minute  pelagic  organisms,  which  are  found  in  all 
latitudes,  and  are  propelled,  like  tadpoles,  by  the  flapping  of 
a  long  caudal  appendage  at  the  surface  of  the  sea. 

Appendicularia  flabeUurn  (Fig.  147)  has  an  ovoid  or  flask- 
shaped  body  (-4),  one-sixth  to  one-fourth  of  an  inch  in  length. 
The  appendage  (S)  is  from  three  to  four  times  as  long  as  the 
body,  to  one  face  of  which  it  is  attached  near,  but  not  at,  the 
posterior  extremity.  It  is  flattened,  and  is  supported  by  a 
firm  central  axis,  which  may  be  termed  the  urochord  (Fig. 
147,  l)>  The  greater  part  of  the  body  is  usually  invested  by 
a  structureless  gelatinous  substance,  but,  on  its  rounded 
hinder  extremity,  this  ceases  to  be  distinguishable  from  the 
ectoderm. 

On  the  caudal  appendage  the  polygonal  contours  of  the 
cells  of  which  the  ectoderm  is  composed  are  plainly  discern- 
ible. 

The  mouth  has  an  overhanging  lip.  It  leads  into  a  large 
pharyngeal  sac,  the  walls  of  which  are  formed  by  the  endo- 
derra.  Posteriorly  this  sac  narrows  into  the  oesophagus, 
which  bends  toward  the  hsemal  side  of  the  body,  and  then 
opens  into  a  spacious  stomach,  which  takes  a  transverse  direc- 
tion, and  is  divided  into  two  lobes,  a  right  and  a  left. 

From  the  left  lobe  the  intestine  arises,  and,  bending  in- 
ward, turns  abruptly  forward  in  the  middle  line,  where  it 
terminates  midway  between  the  oral  aperture  and  the  attach- 
ment of  the  caudal  appendage.     The  intestine,  therefore,  has 
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a  h^mal  flexure.  In  the  middle  of  its  hEemal  aspect  the  en- 
doderm  of  the  pbarjDgeal  cavity  is  raised  into  a  fold,  which 
projects  into  the  blood-cavity  coDtained  between  the  endo- 
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H.  Side  Tlew  of  the  body,  nitb  tbe  caudal  appendigc  forclbl;  bent  backward. 
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derm  and  ectoderm.  The  walls  of  the  bottom  of  the  fold  are 
thicker  than  the  rest,  so  that,  viewed  aidewaye,  it  has  the 
aspect  of  a  hollow  cylinder.  This  is  the  endostyle.^  (Fig- 
147,  M.) 

'So  described  and  Qamod  in  roj  "Observations  upon  the  Anatomy  and 
Phrriology  of  Salpa  aiid  Pyrosoma,  together  with  Remarks  upon  Doliolum 
and  Appendioulanft."  ("Phil.  TraDS.,**  1961.)  In  1856,  however,  I  slated: 
"  With  reguii  to  the  endostyle,  1  have  nothing  important  to  add  to  my  pre- 
viouB  account,  except  that  1  believe  it  to  be  here,  as  in  other  Ascidians,  the 
Dptioal  expreBsiOD  of  the  tbiakeoed  hottom  of  a  fold  or  groove  of  the  branchial 
ssc"  [Quarterly  Journal  of  Microtcopioal Sdtnet,  AprU,  1856.)  In  mv  memoir 
on  Pyrosoma  (" Ximi.  Truis.,"  1660,  p.  SOS),  the  eodoetyle  is  stated  to  be  "  In 
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The  endoderm  of  the  pharynx  is  ciliated,  and  the  cilia  are 
especially  large  over  a  narrow  tract,  or  peripharyngeal  bandy 
which  encircles  the  oral  aperture  at  the  level  of  the  anterior 
end  of  the  endostyle,  and  is  continued  back,  as  a  hypopha- 
ryngeal  band,  along  the  middle  of  the  neural  face  of  the 
pharynx  to  the  oesophageal  opening. 

On  each  side  of  the  endostyle,  the  posterior  part  of  the 
haemal  wall  of  the  pharynx  presents  two  oval  apertures  or 
stigmata  (Fig.  147,  d),  encircled  by  cells,  which  are  provided 
with  very  long  and  active  cilia.  Each  stigma  leads  into  a 
funnel-shaped  atrial  canal,  the  open  end  of  which  terminates 
beside  the  rectum.*     (Fig.  147,  c.) 

The  heart  is  a  large  sac,  which  exhibits  rapid  peristaltic 
contractions,  and  is  placed  transversely  between  the  two 
lobes  of  the  stomach.  In  the  species  which  I  observed  no 
blood-corpuscles  could  be  seen,  and  the  direction  of  the  pul- 
sations of  the  heart  was  not  reversed  at  intervals,  as  it  is  in 
the  Ascidians  in  general.  M.  Fol,'  however,  states  that,  in 
other  Appendicularice,  the  reversal  of  the  contractions  of  the 
heart  takes  place.  Like  myself,  he  has  been  unable  to  dis- 
cover any  blood-corpuscles.  There  are  no  distinct  vessels, 
but  the  colorless  fluid  which  takes  the  place  of  blood  makes 
its  way  through  the  interspaces  between  the  ectoderm  and 
endoderm  and  the  various  viscera. 

The  nervous  system  consists  of  a  ganglion  (Fig.  147,  p) 
situated  nearly  opposite  the  anterior  end  of  the  endostyle  ; 
in  front,  this  gives  off  the  nerves  to  the  sides  of  the  mouth, 
while,  behind,  it  is  continued  into  a  long  cord  {s),  which  runs 
back  beside  the  oesophagus,  and  between  the  lobes  of  the 
stomach,  to  the  base  of  the  appendage.  It  then  passes  along 
one  side  of  the  urochord  to  its  extremity,  giving  off  nerves 
at  intervals.  At  the  origins  of  these  nerves  aggregations  of 
ganglionic  cells  are  situated.  (Fig.  147,  t,)  The  most  an- 
terior of  these  ganglia  is  the  largest.* 

reality  a  longitudinal  fold  or  diverticulum  of  the  middle  of  the  haemal  wall  of 
the  pharynx,  which  projects  as  a  vertical  ridge  into  the  heemal  sinus,  hut  re- 
mains in  free  communication  with  the  pharynx  hy  a  cleft  upon  its  neural  side." 

1  These  sti^ata  were  first  described  by  Geffenbaur  (*' Bemerkunjsren  tiber 
die  Organisation  der  Appendicularien,"  Zeitachrift  fur  wise.  ZoolMt^^  1855), 
who  supposed  that  they  communicated  with  canal's  of  the  interior  of  the  body. 
However,  by  feeding  Appendicularim  with  indigo,  I  demonstrated  the  commu- 
nication of  these  sti^matic  funnels  with  the  exterior  of  the  body.  {Quarterly 
Journal  of  Afieroscopical  Science.  I,  c) 

*  *'  Etudes  sur  les  Appendicuiaires,"  1872. 

>  Quarterly  Journal  of  Microscopical  Science^  1856,  pp.  8,  9.  M.  Fol,  who 
finds  the  same  arrangement  in  other  Appendiculariof^  counts  this  as  the  second 
ganglion  of  the  nervous  system,  and  states  that  a  fine  canal  traverses  both  the 
ganglia  and  the  longitudinal  nerve. 
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A  rounded  octooyst  containing  a  spherical  otolith  is  at- 
tached to  the  ganglion,  and  a  small  ciliated  sac,  which  opens 
into  the  pharynx,  is  in  close  relation  with  it  (Fig.  147,  r,  q). 
M.  Fol  describes  a  number  of  fine  tactile  setae  situated  around 
the  oral  aperture. 

The  urochord,  which  constitutes  the  axial  skeleton  of  the 
appendage,  is  transparent,  rounded  at  each  end,  and  bounded 
by  a  delicate  membrane.  The  remains  of  the  cells  of  which 
it  is  composed  are  to  be  seen  in  it,  here  and  there,  as  ramified 
corpuscles  lodged  in  its  periphery. 

The  only  muscles  hitherto  observed  in  Appendicularia 
are  two  sheets  of  striped  fibres  interposed  between  the  uro- 
chord and  the  cellular  ectoderm  of  the  appendage. 

The  reproductive  organs  occupy  the  rounded  projection 
formed  by  the  posterior  part  of  the  body  behind  the  digestive 
canal.  The  testis  (Fig.  147,  k)  is  a  large  cellular  mass  which 
fills  the  greater  part  of  the  cavity  of  this  projection  in  the 
adult.  When  fully  formed,  it  is  resolved  into  spermatozoa 
with  rod-like  heads  about  y^Vir  ^^  ^^  ^"^^  long  and  very  fine 
filiform  tails.     They  escape  by  the  dehiscence  of  the  testis. 

I  have  never  met  with  AppendicularicB  containing  ova, 
nor  do  any  other  observers,  except  M,  Fol,  appear  to  have 
been  more  fortunate.  The  latter,  however,  states  that  these 
animals  are  hermaphrodite  (  Oikopleura  dioica  apparently  is 
dioecious),  and  that  the  ovary  is  developed  later  than  the 
testis.* 

Two  singular  rounded  patches  of  a  cellular  structure  (Fig. 
147,  II.  m)  are  interposed  between  the  ectoderm  and  the  en- 
doderm  on  each  side  of  the  anterior  end  of  the  endostyle. 
Similar  bodies  occur  in  other  Ascidians,  but  their  function  is 
unknown. 

One  of  the  strangest  peculiarities  of  the  AppendieularioB 
is  the  power  which  they  possess  of  excreting  from  the  surface 
of  the  ectoderm,  with  extreme  rapidity,  a  mucilaginous  cu- 
ticular  investment,  in  the  interior  of  which,  as  in  a  spacious 
case,  the  whole  body  is  lodged.  This  is  what  was  originally 
described  by  Mertens  as  the  "  house  "  of  the  Appendicularia. 


» I  must  confess  thst  M.  Fol's  fierures  and  descriptions  of  the  ovary  and  ova 


me  parut  diff^rer  en  rien  de  celni  des  Ascldies ;  et  comme  d*autre  part  la  peti- 
tesse  de  oes  oeofs  et  la  difficult^  qa'on  a  de  les  obtenir  les  rendent  pea  favo- 
rabies  h.  I'^tude,  je  n'ai  pas  jug^  ^  propos  d'approfondir  davantage  oe  siget." 
{I.  «.,  p.  1.) 
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It  is  obviously  the  homologue  of  the  test  of  other  Ascidians, 
which  is  often  adherent  to  the  ectoderm  bj  only  two  or  three 
points ;  but  no  cellulose  has  been  discovered  in  it.  Accord- 
ing to  M.  Fol,  who  has  studied  the  formation  of  the  "  house  " 
with  great  care,  the  Appendicularioe  have  no  proper  test,  and 
what  I  have  described  as  the  structureless  gelatinous  invest- 
ment of  the  anterior  part  of  the  body  is  the  commencement 
of  the  "house."  It  increases,  assumes  a  peculiar  fibrous 
structure,  and  in  the  course  of  an  hour,  in  a  vigorous  animal, 
it  is  separated  as  an  envelope  in  which  the  whole  body  is 
capable  of  free  movement.  In  front,  it  presents  two  funnel- 
shaped  apertures  supported  by  a  fibrous  trellis-work,  which 
lead  down  to  the  cavity  in  which  the  body  is  contained.  A 
spacious  median  chamber  allows  of  the  free  motion  of  the  tail. 
After  a  few  hours  the  animal  deserts  its  test  and  forms  an- 
other. 

In  the  great  majority  of  those  Tunicata  which  are  fixed 
in  the  adult  state,  the  young  leave  the  egg  in  an  active  lar- 
val condition,  and  resemble  Appendicularia  in  being  pro- 
pelled by  a  muscular  appendage  in  the  axis  of  which  lies  an 
urochord.  The  body  and  appendage,  however,  are  invested  by 
a  coat,  or  testj  impregnated  with  cellulose,  and  the  former 
presents  some  important  structural  differences  from  that  of 
Appendicularia,  After  a  free  existence  of  a  certain  dura- 
tion, the  body  of  the  larva  fixes  itself,  the  appendage  withers 
away,  and  the  young  animal  assumes  the  ordinary  form  of  a 
fixed  Ascidian.  It  may  remain  simple,  or  it  may  develop 
buds  and  give  rise  to  a  compound  organism  or  Ascidiarium^ 
consisting  of  many  Ascidiozooids  united  together. 

All  the  fixed  Tunicates  present  two,  more  or  less  closely 
approximated,  apertures  :  one,  oral^  leads  into  the  alimentary 
cavity ;  the  other,  atrial,  opens  into  a  chamber,  the  atritcnty 
into  which  the  faeces  and  genital  products  are  poured.  During 
life,  when  these  apertures  are  open,  a  current  sets  into  the 
oral  and  out  of  the  atrial  opening.  But  if  the  animal  is  irri- 
tated, the  sudden  contraction  of  the  muscular  walls  of  its 
body  causes  the  water  contained  in  the  brachial  and  atrial 
cavities  to  squirt  out  in  two  jets,  while  both  apertures  are 
speedily  closed. 

The  apertures  are  much  farther  apart  in  some  forms  than 
in  others,  and  in  certain  of  the  SotryUidoB  they  are  almost 
terminal.  In  the  pelagic  genera  Pyrosoma  (Fig.  150),  Doluh 
lum  (Fig.  151),  and  8alpa  (Fig.  152),  the  atrial  and  oral  aper- 
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tares  are  at  opposite  ends  of  the  lon^st  diameter  of  the 
body ;  and,  in  the  two  latter,  locomotion  is  effected  by  the 
contraction  of  transverse  muscular  bands,  which  drives  the 


ffi9.  lA—naUutla  mmtida.—Tiie  tast  Is  rcmoTBii.  and  harilj  m 
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'water  out  of  the  one  aperture  or  the  other,  and  causeE  the 
body  to  be  propelled  in  the  opposite  direction. 

When  one  of  the  simple  fixed  Ascidians,  such  as  a  Phal- 
lutia  (Fig.  148)  or  a  Cynthia,  is  laid  open  by  a  section  oar- 
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ried  through  the  oral  opening,  at  right  angles  to  a  transverse 
plane  passing  through  its  centre,  the  mouth  is  found  to  open 
into  a  large  pharyngeal  dilatation,  termed  the  branchial  sac 
(Fig.  148,  d),  A  series  of  simple  or  pinnatifid  tentacles  (Fig. 
148,  c)  is  seen  encircling  the  oral  aperture  at  some  little  dis- 
tance within  the  margin  of  the  lip,  which  is  usually  divided, 
like  that  of  the  atrial  opening,  into  four  or  six  lobes.  Imme- 
diately behind  the  tentacular  circlet  is  a  ciliated  pharyngeal 
bal^d. 

On  that  side  of  the  branchial  cavity  which  is  farthest  away 
from  the  atrial  opening,  a  pair  of  delicate  lip-like  folds  ex- 
tend, parallel  with  one  another,  from  the  peripharyngeal  band 
along  the  middle  line  of  the  branchial  sac  as  far  as  the  open- 
ing of  the  oesophagus  at  the  opposite  end  of  the  branchial 
sac.  The  interspace  between  these  leads  into  a  fold  of  the 
endoderm,  lined  by  a  thick  epithelium  and  forming  the  endo- 
style,  and,  in  the  middle  line  of  the  peripharyngeal  band,  on 
the  same  side  as  the  atrial  aperture,  there  is  a  tubercular  ele- 
vation, which  contains  a  ciliated  cavity,  and  answers  to  the 
ciliated  sac  of  Appendicularia.  The  walls  of  this  sac  are  va- 
riously folded,  and,  consequently,  the  surface  of  the  tubercle 
presents  a  more  or  less  complicated  pattern.  Continued  back- 
ward in  the  middle  line  as  far  as  the  oesophageal  aperture  on 
this  side  of  the  branchial  sac,  there  are  sometimes  one,  some- 
times two,  longitudinal  lamellae — the  hypopharyngeal  folds  ; 
or  there  may  be  merely  a  ridge  surmounted  by  a  series  of  ten- 
tacles, termed  languets  (Fig.  148,  e).  The  languet  which  is 
nearest  the  ciliated  sac  is  often  the  largest  of  the  series.  Be- 
hind the  peripharyngeal  band,  the  lateral  walls  of  the  pharyn- 
geal, or  branchial,  sac  are  perforated  by  small  elongated  ap- 
ertures— the  stigmata — the  edges  of  which  are  fringed  with 
long  cilia  ;  and,  by  means  of  these  apertures,  the  cavity  of 
the  sac  communicates  with  the  atrium. 

The  stigmata  are  arranged  in  transverse  rows,  and  are 
usually  very  numerous.  The  reticulated  wall  of  the  branchial 
sac  may  be  strengthened  by  longitudinal  lamellae,  or  it  may 
be  raised  into  few  and  distant,  or  many  and  close-set,  folds. 
In  some  cases  papillae  of  a  complicated  form  are  developed 
from  the  inner  surface  of  the  sac,  and  its  outer  wall  is  always 
connected  by  vascular  trabeculae  with  the  parietal  wall  of  the 
atrium.  In  some  cases  {Molgula),  the  stigmata,  instead  of 
beino^  elongated  meshes,  are  coiled  spirally.  The  atrial  cham- 
ber (Fig.  148,  A?),  into  which  the  branchial  stigmata  open,  is 
shown  by  laying  it  open  from  the  atrial  aperture,  in  the  same 
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way  as  the  branchial  chamber  was  laid  open  from  the  oral  ap- 
erture. The  atrial  opening  is  thus  seen  to  lead  into  a  cavity, 
interposed  between  the  branchial  sac  and  the  parietes  and 
lined  upon  all  sides  by  a  delicate  membrane  (the  third  tunic 
of  Milne-Edwards)  like  a  peritoneum.  This  membrane  has  a 
parietal  and  a  visceral  layer.  The  former  is  continued  from 
the  atrial  aperture  on  to  the  parietes  of  the  body  to  the  level 
of  the  peripharyngeal  band  in  one  direction,  to  a  line  parallel 
with  the  endostyle  in  another,  and  to  the  alimentary  and 
genital  viscera  in  a  third  direction.  From  these  various  lines 
it  is  reflected  on  the  branchial  sac,  of  which  it  forms  the  outer 
wall.  At  the  margins  of  the  stigmata  it  is  continuous  with 
the  endoderm  of  the  pharynx,  and,  at  the  aperture  of  the  rec- 
tum, with  the  endoderm  of  the  intestine.  Thus  the  atrial 
membrane  forms  a  bilobed  sac,  one  lobe  extending  on  each 
side  of  the  pharynx,  and  opens  outward  by  the  atrial  aper- 
ture ;  it  communicates  by  the  stigmata  with  the  interior  of 
the  branchial  sac,  and,  by  the  anal  and  genital  openings,  it 
receives  the  faeces  and  genital  products.  The  current  which 
sets  in  at  the  oral  and  out  at  the  atrial  aperture  is  set  in  mo- 
tion by  the  cilia  of  the  stigmata. 

The  atrium  of  the  higher  Ascidians  differs  from  that  of 
Appendiculariay  not  only  in  extent,  but  in  being  single  and 
not  double  ;  and  in  its  single  aperture  being  placed  upon  the 
neural  aspect  of  the  body  close  to  the  ganglion,  while  the- 
atrial  funnels  of  Appendicularia  open  upon  the  haemal  aspect 
of  the  body.  The  development  of  the  higher  Tunicata^  how- 
ever, shows  that  the  peculiarities  of  the  atrium  in  them  are 
of  secondary  origin  ;  and  that,  to  begin  with,  there  are  two 
distinct  atria,  as  in  Appendicularia, 

The  oesophageal  aperture  is  usually  surrounded  by  a  raised 
lip,  and  the  short  and  wide  oesophagus  leads  into  a  dilated 
stomach,  whence  a  shorter  or  longer  intestine  proceeds.  The 
alimentary  canal  is  always  bent  upon  itself  in  such  a  manner 
that  the  anus  terminates  on  the  neural  side  of  the  body,  in 
the  atrial  chamber. 

In  Clavdina^  Amourmicium^  Didemnum^  Syntethya^  and 
most  of  the  compound  Ascidians,  the  greater  part  of  the  ali- 
mentary canal  lies  altogether  beyond  the  branchial  sac,  in  a 
backward  prolongation  of  the  body  which  has  been  termed 
the  abdomen^  and  is  often  longer  than  all  the  rest  of  the 
body  ;  the  alimentary  canal  forming  a  long  loop,  and  the  di- 
rection of  the  axis  of  the  branchial  sac  being  continued  by 
that  of  the  gullet,  stomach,  and  first  half  of  the  intestine.    In 
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the  BotryllidoB^  however,  the  stomach  is  bent  at  right  angles 
upon  the  gullet,  as  in  Append Icularia  ;  the  intestine  almost 
immediately  turns  forward,  and  then,  turning  sharply  upon 
itself,  passes  forward  parallel  with  the  hinder  part  of  the 
branchial  sac,  on  one  side  of  which  it  opens  into  the  atrium. 

A  similar  arrangement  obtains  in  Perophora^  bi;t  the 
branchial  sac  extends  backward  for  a  short  distance  on  one 
side  of  the  stomach.  In  the  solitary  Ascidians  the  stomach 
lies  sometimes  altogether  behind  the  branchial  sac  (Pelonaia^ 
some  PhaUusiai)  ;  but,  usually,  the  branchial  sac  extends  so 
far  back  that  the  whole  alimentary  canal  lies  on  one,  usually 
the  right,  side  of  it.  In  PhaUusia  raonachus^  the  hinder  end 
of  the  branchial  sac  is  recurved,  and  the  oesophageal  opening 
looks  backward  to  the  fundus  of  the  sac,  instead  of  forward 
to  the  mouth. 

In  many  Ascidians  a  strong  fold  of  the  endoderm  of  the 
intestine  projects  into  its  interior,  as  in  Lamellibranchs  and 
in  the  Earthworm,  where  such  a  fold  constitutes  the  so-called 
typhlosoU. 

In  the  pelagic  Tunicates,  Salpa^  Pyrosoma^  and  Doliolumy 
I  found  a  system  of  fine  tubules  *  which  ramify  over  the  in- 
testine and  are  eventually  gathered  together  into  a  duct  which 
terminates  in  the  stomach.  An  apparatus  of  the  same  nature 
exists  in  PhaUusia^  Cynthia^  Molgula^  Perophora^  BotryUm^ 
BotryUoideSy  Glavelina,  Aplidum,  and  Didemnum^  and  I 
have  little  doubt  that  it  is  hepatic  in  its  function.  In  some 
GynthicBy  however,  there  is  a  follicular  liver  of  the  ordinary 
character,  which  opens  into  the  stomach  by  several  ducts. 

In  some  Phallusic$,  the  alimentary  canal  is  coated  by  a 
very  peculiar  tissue,  consisting  of  innumerable  spherical  sacs 
containing  a  yellow  concretionary  matter.  In  Mblgula  (and 
in  the  Ascidia  vitrea  of  Van  Beneden)  an  oval  sac  containing 
concretions  lies  close  to  the  genital  gland,  on  one  side  of  the 
body.  As  these  concretions  have  been  shown  by  Kupfer  •  to 
contain  uric  acid,  the  organ  must  be  regarded  as  renal  in 

^  Savigny  seems  first  to  have  observed  this  organ,  as  would  appear  from  his 
account  of  JJiazona  ("  M^moires  sur  les  Animaux  sans  vert^bres,"  p.  176),  and 
the  description  of  Plate  12.  Lister  mentions  and  fiarures  it  in  Ferophora  C"  PhiL 
Trans. ''  1834).  r        \ 

I  **  ^©ports  of  the  British  Association,"  1852.  Hancock,  "  On  the  Anatomy 
and  Physiology  of  the  Tumcata:^  ("  Journal  of  the  Linnsean  Societv,"  vol.  ix.) 
The  development  of  these  tubules  from  the  stomach  was  traced  by  Krohn  in 
Phall/uMa^  and  b^  myself  in  Pyrosoma. 

>  **  Zur  Entwickeiung  der  einfaohen  Asoidien."  ("  Arohiv  ftir  Mikr.  Anar 
tomie,"  1872.) 
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function.  M.  Lacaze-Duthiers  '  terms  this  sac  an  '^  organ  of 
Bojanus  ; "  but,  as  he  admits,  no  opening  is  discoverable  :  it 
would  probably  be  more  correct,  therefore,  to  regard  it  as 
the  representative  of  the  glandular  part  of  the  organ  of  Bo- 
janus." 

The  heart  is  an  elongated  sac  open  at  each  end,  lodged 
near  the  stomach,  and  close  to  the  hinder  extremity  of  the 
bran'chial  sac.  After  a  certain  number  of  contractions  in 
one  direction,  it  stops  and  contracts  for  the  same  number  of 
times  in  the  opposite  direction.  The  course  of  the  circula- 
tion is  thus  reversed  with  great  regularity.  The  blood  is  a 
clear  fluid,  containing  colorless  corpuscles. 

Respiration  is  effected  in  the  walls  of  the  branchial  sac 
through  which  the  blood  is  driven.  The  supply  of  aerated 
water  is  kept  up  by  the  currents  already  mentioned,  which 
subserve  the  ingestion  of  food,  the  respiratory  process,  and 
the  ejection  of  effete  matters,  as  well  as  the  expulsion  of  the 
generative  products.  The  test  in  which  the  body  is  inclosed 
is  sometimes  closely  adherent  to  the  surface  of  the  ectoderm, 
but  sometimes  is  united  with  it  onlv  at  the  oral  and  atrial 
apertures,  and  by  prolongations  of  the  body.  In  consistency 
it  presents  every  variety,  from  soft  and  gelatinous,  to  dense 
and  hard  like  cartilage,  or  tough  like  fibrous  tissue.  In  some 
cases  the  exterior  of  the  test  is  covered  with  horny  spines, 
tubercles,  or  even  with  regularly-disposed  plates  ( Chdysoma). 

In  texture,  the  test  may  present  merely  a  homogeneous 
matrix,  in  which  cells  like  connective-tissue  corpuscles  may 
be  scattered  ;  or  it  may  resemble  cartilage  (Phcdlusid)  or 
fibrous  tissue.  In  most  cases  it  is  non-vascular ;  but,  some- 
times, tubular  prolongations  of  the  ectoderm,  divided  by  a 
median  septum  and  containing  blood,  enter  it  at  one  point, 
and  thence  branch  out  through  its  substance. 

In  the  Chevreulius  of  Lacaze-Duthiers,'  the  test  is  some- 
what like  a  snuff-box  with  a  movable  lid.  There  is  no  hinge, 
however,  but  the  substance  of  the  lid  is  continuous  with  that 
of  the  rest  of  the  test  along  the  line  of  junction.  And  the 
elasticity  of  this  part  causes  the  lid  to  stand  open,  unless  it  is 
shut  by  the  contraction  of  two  adductor  muscles  which  are 
attached  to  it. 

•  "Les  A sci dies  simples  des  C6tes  de  France."  ("Archives  de  Zoolo^e 
exp^rimentale,"  1874.)  M.  Lacaze-Duthiers  has  obtained  murexide  by  heating 
this  substance  with  nitric  acid. 

•  There  is  a  close  resemblance  between  the  cells  of  which  this  organ  is  com- 
posed and  those  which  constitute  the  primitive  kidney  in  the  IhUmonaia, 

•  "  Annales  des  Sciences  Naturelles/'  1865. 
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V.  The  body  of  a  larva  as  it  escapes  from  the  egs :  a,  the  eye ;  gb,  the  £>acciilar  an- 
terior end  of  the  central  nervous  apparatus  into  which  the  utollib  projects ;  Hg, 
Bm^  its  tubular  backward  prolongation ;  C%«,  cells  of  the  urochord ;  o,  inoutn;  Ids 
atrial  aperture ;  /,  opening  at  the  anterior  end  of  the  central  nervous  apparatus, 
by  which  it  commuulcates  with  the  alimentary  cavity  ;  <2,  commencemeiiL  of  the 
oesophagus  and  stomach  ;  m,  blood-corpuscles  ;  h/p,  papillae  by  which  the  larva 
attaches  itself. 

VI. 


atrial  aperture. 


The  reproductive  organs  of  the  two  sexes  are  united. 
Usually,  the  testis  and  the  ovary  have  the  form  of  racemose 
glands  situated  in  the  loop  formed  by  the  intestine  ;  or  be- 
yond it,  when  the  "  abdomen "  is  long ;  and  their  ducts  run 
parallel  with  one  another,  to  open  close  together  beside  the 
anus.  In  many  of  the  simple  Ascidians,  however,  the  repro- 
ductive organs  are  lodged  in  the  lateral  walls  of  the  atrial 
cavity,  and  their  ducts  are  distant  from  the  anus ;  and,  some- 
times, there  are  many  distinct  genital  glands. 

In  some  genera,  e.  g.,  Phallicsia,  each  egg  is  surrounded 
by  an  ovicapsule,  formed  by  the  coalescence  of  cells  of  the 
epithelial  lining  of  the  ovary,  and  these  cells  may  grow  out 
into  processes  which  give  the  fully-formed  egg  a  stellate  ap- 
pearance. 

Complete  yelk-division  takes  place,  and  the  morula  under- 
goes invagination  (Fig.  149,  I.,  II.).  A  longitudinal  depres- 
sion of  the  epiblast,  extending  forward  from  the  margins  of 
the  aperture  of  invagination,  next  makes  its  appearance  ; 
and,  deepening,  gives  rise  to  an  involution,  the  edges  of 
which  unite,  and  thus  shut  oflp  a  tubular  portion  of  the  epi- 
blast. This  is  the  rudiment  of  the  nervous  ganglion  (Fig. 
149,  III.).  The  aperture  of  invagination  closes,  and  an  out- 
growth of  the  body  gives  rise  to  the  caudal  appendage,  inio 
which  the  urochord,  formed  by  the  coalescence  of  certain  cells 
of  the  hypoblast,  extends  (Fig.  149,  IV.).  The  sac  of  the 
hypoblast  becomes  divided  into  its  branchial,  oesophageal, 
gastric,  and  intestinal  portions,  and  the  mouth  is  formed  by 
the  perforation  of  a  spot  in  which  the  hjrpoblast  and  the  epi- 
blast cohere  (Fig.  149,  VI.).  The  atrial  cavity  is  formed  by 
two  involutions  of  the  ectoderm,  which  extend  inward  and 
apply  themselves  to  the  lateral  and  neural  walls  of  the  bran- 
chial sac  (Fig.  149,  VI.).  Their  originally  separate  apertures 
eventually  coalesce  into  one.*     The  atrial  tunic  thus  formed, 

>  In  1852  Krohn  disoovered  the  fact  that  the  larva  of  Phallusia  is  provided 
with  two  distinct  symmetrieally-disposed  openings,  by  which  the  originally 
separate  atria  open  outward ;  and  that  the  two  evehtualiy  coalesce  into  the  sin- 
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and  the  walls  of  the  branchial  sac,  coalesce  and  become  per- 
forated, iu  order  to  give  rise  to  the  stigmata. 

The  test  appears,  at  first,  to  be  a  cuticular  secretion  of 
the  epi blast,  and  to  derive  its  cellular  elements  from  the  wan- 
dering into  its  substance  of  cells  derived  from  the  epiblast. 

In  Molgula  tuhulosa^  Kupfer  and  Lacaze-Duthiers  have 
observed  that  tne  fecundated  eggs  are  expelled  from  the 
atrial  cavity,  and  almost  immediately  become  fixed  to  the 
surface  on  which  they  fall.  Yelk-division  takes  place,  and, 
after  four  nearly  equal  blastomeres  are  formed,  much  smaller 
ones  are  developed  from  one  face  of  these,  and  increase  until 
they  constitute  a  blastodermic  layer  around  the  larger  blasto- 
meres, which  undergo  a  slower  division.  The  alimentary 
cavity  is  formed  by  invagination.  The  embryos  leave  the 
egg  as  voal  bodies,  capable  of  undergoing  considerable  but 
slow  changes  of  form,  and  devoid  of  any  caudal  appendage. 
Each  embryo  rapidly  invests  itself  with  a  transparent  test, 
throws  out  several  tubular  prolongations  of  the  ectoderm, 
and  finally  passes  into  the  adult  condition.  Altliough  no  tail 
is  developed,  a  cellular  mass  is  to  be  seen  in  the  same  posi- 
tion as  that  occupied  by  the  remains  of  this  appendage,  when 
it  has  undergone  its  retrogressive  metamorphosis,  in  the  As- 
cidians  with  caudate  larvae.  The  atrial  aperture  is  single  at 
its  first  appearance,  and  no  larval  sensory  organs  are  devel- 
oped. 

In  the  compound  or  social  Tunicata^  many  ascidiozo(5ids, 
which  are  united  by  a  common  test  into  an  ascidiarium^  are 
produced  by  gemmation  from  a  solitary  metamorphosed  larva. 

Sometimes,  as  in  Clamlina  and  Perophora^  the  parent 
ascidiozoOids  give  rise  to  creeping  stolons,  from  which  branches, 

gle  atrium  of  the  adult.  Kowalewsky,  Fol,  and  later  observers,  ajBrree  that 
these  openings  and  the  atrial  sacs  are  formed  by  two  involutions  of  the  ecto- 
derm, which  apply  themselves  to  the  sides  of  the  pharynx,  and  coalesce  with 
it  at  the  points  wliich  become  perforated  by  the  stigmata ;  of  which,  in  Phal- 
lusia^  there  are  at  first  but  two  on  each  side.  If  this  is  a  true  account  of  the 
origin  of  the  atrium,  the  atrial  membrane  is  obviously  part  of  the  ectoderm, 
and  its  cavity  is  analogous  to  the  pallial  cavity  of  a  moUusk. 

On  the  other  hana,  Metschnikoff  and  Kowalewsky  agree  that  in  the  buds 
of  Botryllvs^  and  other  ascidians  which  multiply  bv  gemmation,  the  two  primi- 
tively distinct  atrial  cavities  are  portions  of  the  alimentary  sac,  which  become 
shut  off  from  it,  and  subsequently  open  outward. 

Metschnikoff  (" Entwickelunarsgeschichtliohe  Beitrage,"  "Bulletin  de 
I'Acad.  St. -Peters Dourg,"  xiii.)  therefore  compares  the  atrium  to  the  entero- 
coele  of  Echinodcrms.  Renewed  observations  specially  directed  to  this  point, 
which  is  of  great  morphological  importance,  are  much  needed.  If  the  atrial 
cavitv  is  really  an  enterocoele,  it  will  answer  to  the  perivisceral  cavity  of  the 
Brachiopoda^  the  pseudo-hearts  of  which  will  oorrespond  with  the  primiliYe 
■atrial  aperture. 


!io.  110.— Pi/TOioma  ffiganiemn.—L  A  rertkal  section  of  Hie  w»ll  of  the  Ajddtarinm 
near  the  cloacal  ttpertare  anil  iDclndlne  IIb  lip.  11.  The  yonngeBt  condition  of  ■ 
bodbeforethB  Ktoderm  !i  elevaied.  III..  Iv..  V.  Farther  «twre« of  the deielop- 
ment  of  a  hud.  VI.  A  fallj- formed  bod  witb  e,  second  sscidloEoOld  In  gddth  of 
dflrelopinent  rrom  lt>  pedimcia- 
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Vn.  A  foetus  with  the  blastoderm  divided  into  flye  sesments,  of  which  the  cyatho- 
zoOid  (I.)  is  the  largest.  VIII.  A  foetus,  the  ascidiozoOids  of  which  half  encircle 
the  base  of  the  cyathozoOid.  IX.  Foetus,  the  most  advanced  stage  observed.  The 
remains  of  the  conjoined  cyathozoOid  and  ovisac  are  hidden  by  the  circle  of 

ascidiozoOids.  .  ,  ^.  , 

The  letters  have  the  same  signiflcation  in  all  the  figures,  a^  test;  a>,  labial  process ; 
a*y  lip  of  the  cloacal  aperture;  a»,  cells  of  the  embryonic  test;  €,  oral  aperture ; 
»^  atrial  aperture ;  <,  endostyle;  1^,1*,  branchial  sac  and  stigmata ;  r,  heart;  r*, 
stolons  of  the  adult  ascidiarium ;  r*,  stolons  of  the  embryonic  ascidiarium ;  *,  ovi- 
sac ;  <,  testis ;  «,  t*'.  ovum ;  w\  peduncle  of  a  bud ;  a?,  the  alimentary  portion  of 
the  endoderm  entering  into  a  bud ;  x\  its  generative  portion ;  x\  the  ectoderm 
entering  into  a  bud ;  a,  the  oeleoblast ;  z,  ganglion.  „    .     .  . 

I.,  II.,  III.,  IV.,  V.  Segments  of  the  blastoderm.  I.  CyathozoOid.  IV.-V.  Ascidio- 
zoOids.   By  mouth  of  the  cyathozoOid. 

which  develop  new  ascidiozoOids,  are  given  off  at  intervals  ; 
but,  more  commonly,  the  ascidiarium  is  massive,  and  the  as- 
cidiozoOids retain  no  permanent  connection  with  one  another. 
In  the  SotrylUdoB^  the  zoOids  are  arranged  in  whorls  around 
a  common  central  cavity,  or  cloaca^  into  which  the  atria  of 
all  the  members  of  the  whorl  open.  In  Pyrosoma,  which  is 
a  sort  of  floating  JBotryllits,  the  process  of  budding  is  highly- 
instructive,  as  it  exemplifies  the  manner  in  which  gemmation 
occurs  in  the  Tunicaia  in  general.* 

The  ascidiarium  of  Pyrosoma  (Fig.  150, 1.)  has  the  form 
of  a  hollow  cylinder,  rounded  and  closed  at  one  end,  truncated 
and  open  at  the  other,  formed  of  a  firm  transparent  test,  in 
which  the  zoOids  are  arranged  in  whorls.  Their  oral  apertures 
open  on  the  exterior  surface,  and  their  atrial  apertures  into 
the  interior  of  the  cylinder.  The  hsemal  aspect  of  each  zoOid 
is  turned  toward  the  closed  end  of  the  cylindier.  The  bran- 
chial sac  has  the  ordinary  structure,  and  each  zoOid  is  provid- 
ed with  a  testis  and  with  an  ovisac,  containing  a  single  ovum. 

Every  zooid  multiplies  by  gemmation  from  a  region  of  the 
body  which  lies  immediately  behind  the  extremity  of  the  en- 
dostyle. Close  to  the  heart,  attached  to  a  short  csecal  process 
of  the  endoderm  which  constitutes  the  extremity  of  the  endo- 
style, and  which  I  have  termed  the  endostylic  cone^  is  a  cellu- 
lar mass — the  remains  of  that  mass  of  indifferent  tissue  which 
I  have  called  the  generative  blastema^  and  from  which  the  gen- 
erative organs  of  the  gemmiparous  zooid  have  been  developed 
(Fig.  150,  II.).  The  endostylic  cone  elongates,  and,  curving 
toward  the  haemal  side  of  the  body,  applies  itself  closely  to  the 
ecoderm  (Fig.  150,  III.).  The  latter  grows  out  into  a  conical 
elevation,  which  projects  into  the  surrounding  substance  of 
the  test,  and  contains  a  mass  of  mesoblastic  cells,  one  of  which 


» Huxley,  "  Anatoiay  and  Development  of  Pyrosoma.''^    (*'  Trans.  Lionean 
Society,"  1860.)    Kowalewsky  (I,  c,  infra^  p.  616). 
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(t^')  has  already  taken  on  the  character  of  an  ovum,  and  is 
surrounded  by  a  rudimental  ovisac.  The  conical  bud  elongates 
and  dilates  at  its  extremity,  and  the  dilatation  gradually  takes 
on  the  form  of  a  new  zooid  united  by  a  narrow  neck,  or  pe- 
duncle, with  the  parent  (Fig.  150,  IV.).  The  endostylic  cone 
gives  rise  to  the  whole  alimentary  canal  of  the  bud,  while  the 
ectoderm  of  the  latter  proceeds  from  the  ectoderm,  and  its 
ovisac  and  testis  from  the  mesoblastic  cells,  of  the  parent. 
Thus  the  organs  of  the  bud  are  all  the  direct  product  of  the 
corresponding  parts,  or  of  the  primitive  layers  of  the  germ 
from  which  they  are  derived,  in  the  parent.* 

After  the  terminal  bud  is  formed,  a  second  is  usually  de- 
veloped immediately  below  it  (Fig.  150,  VI.)  by  the  growth 
of  the  ectoderm,  endodermal  axis,  and  mesoblastic  cells  of  the 
peduncle ;  and  it  would  appear  that  this  process  is  frequently 
repeated.  The  fully-formed  bud  becomes  detached,  and  takes 
its  place  among  the  other  zooids  in  the  test,  there  to  repeat 
the  process  of  gemmation. 

The  observations  of  Krohn,  Metschnikoff,  and  Kowalewsky, 
have  shown  that  two  components  enter  into  the  buds  of  ascid- 
ians  in  general ;  first,  an  outer  layer  consisting  of  the  ecto- 
derm of  the  region  in  which  the  budding  takes  place,  and, 
secondlv,  an  inner  laver  derived  from  the  endoderm  of  the 
branchial  sac  {Perophord) ;  or,  as  in  Sotryllus^  according  to 
Metschnikoff,  from  the  atrial  tunic*     To  these  must  be  added 

>  In  my  second  memoir  on  Pyrowma  ('"  Trans.  Linn.  Society,"  xxiii.,  p. 
211^  I  have  said : 

"  Gemmation  does  not  take  place  in  I)/ro90fna  as  in  so  many  of  the  lower 
animals  (e.  g.,  the  Hydrozoa  and  pDlyzoa^  or  Salpa  and  Olavelina^  among  the 
ascidians),  by  the  outgrowth  of  a  process  of  the  body-wall,  whose  primarily  whol- 
ly indifferent  parietes  become  differentiated  into  the  organs  of  the  bu^ ;  but, 
from  the  first,  several  components,  derived  from  as  many  distinct  parts  of  the 
parental  organism,  are  distinguishable  in  it,  and  each  component  is  the  source 
of  certain  parts  of  the  new  being,  and  of  them  only.  Thus  the  body-wall  or 
external  tunic  of  the  parent  gives  rise  to  the  external  tunic  of  the  bud ;  while  a 
process  of  the  endostylic  cone  of  the  parent  is  converted  into  the  alimentary 
tract  of  the  bud,  and  the  reproductive  organs  of  the  latter  are  fTirnished  by  a 
part  of  that  tissue  whence  the  reproductive  organs  of  the  parent  took  their 
origin." 

As  will  appear  further  on.  however,  recent  investigations  show  that  the 
whole  process  of  budding  in  the  great  majority  of  the  Tunicata^  and  at  anv  rate 
the  first  steps  of  that  process  in  8alpa^  are  essentially  similar  to  those  in  P/zro- 
soma  ;  and  it  remains  to  be  seen  whether  there  is  any  difference  in  other  As- 
cidians. And  as  regards  even  the  Hydrozoa^  the  expression  that  the  parietes 
of  a  bud  are  at  first  "  wholly  indifferent "  in  structure  is  not  quite  accurate,  in- 
asmuch as  they  are  composed  of  an  ectodermal  and  an  endodermal  layer,  which 
are  coutinuous  with  those  of  the  parent,  and  give  rise  to  homologous  organs. 

'  Tf,  as  some  observations  tend  to  show,  tbe  atrial  tunic  itself  is  a  diver- 
ticulum of  the  primitive  endoderm,  this  case  would  form  no  exception  to  the 
general  law  of  budding  in  the  Tunioata, 
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a  third  component,  derived  from  the  indifferent  tissue,  out  of 
which  the  reproductive  organs  of  the  parent  have  been  de- 
veloped. 

In  Amourmicium  proliferum,  agamic  multiplication  takes 
place  when  the  larva  has  fixed  itself  and  grown  into  a  soli- 
tary ascidian.  The  long  post-abdomen  (as  the  prolongation 
of  the  abdomen  be3'ond  the  alimentary  canal  is  termed)  sepa- 
rates itself  from  the  body,  carrying  with  it  the  heart,  and 
divides  into  a  number  of  segments  which  rise  to  the  summit 
of  the  test  of  the  parent,  range  themselves  around  it,  and  be- 
come converted  into  independent  zooids.  The  parent  devel- 
ops a  new  heart  and  post-abdomen.  The  process  appears  to 
be  repeated  in  the  post-abdomina  of  the  new  zooids.  The 
postrabdomen  is  a  process  of  the  ectoderm,  the  inner  cavity 
of  which  is  divided  by  a  septum  into  two  chambers,  contain- 
ing many  fatty  cells.  The  septum  itself  incloses  a  cavity, 
and  there  appears  to  be  no  doubt  that  it  is  a  prolongation  of. 
the  pharyngeal  sac.  When  the  segments  of  the  post-abdo- 
men develop,  the  cavity  of  the  anterior  end  of  the  septum 
dilates  and  divides,  as  in  Didemnum^  into  three  chambers,  of 
which  the  median  becomes  the  branchial  sac,  and  the  lateral 
the  atrial  chambers.  The  rest  remains  as  the  septum  of  the 
post-abdomen  of  the  feet  us,  and  its  cavity  at  first  communi- 
cates with  the  branchial  sac,  between  the  endostyle  and  the 
oesophageal  aperture. 

Kowalewsky  *  has  observed  the  formation  of  buds  from 
free  cellular  masses  in  the  common  test  of  Dideninum  styli- 
ferum  ;  the  origin  of  these  masses  is  undetermined.  They 
multiply  by  division,  after  the  rudiments  of  the  alimentary 
cavity  and  of  the  reproductive  organs  have  made  their  ap- 
pearance. The  alimentary  cavity  gives  off  a  process  whence 
the  oesophagus,  stomach,  and  intestine  are  developed,  and 
then  becomes  divided  by  longitudinal  partitions  into  three 
chambers,  a  median  and  two  lateral.  The  latter  give  rise  to 
the  lateral  chambers  of  the  atrium,  which  subsequently  open 
into  one  another  on  the  neural  side  of  the  body,  and  finally 
communicate  with  the  exterior  by  a  median  atrial  opening. 

Gegenbaur'  has  described  the  detachment  of  the  ova  of 
a  species  oiDidemnum  into  the  substance  of  the  common  test, 
where  they  are  developed  into  caudate  larvae  provided  with 
an  eye.     Before  the  development  of  the  larva  is  nearly  com- 

«  **Ueber  die  Knospung  der  Ascidien."    ("  Arohiv  far  Mikr.  Anatomic," 

1874.) 

1  **♦  Ueber  IHdemnum  gelatinoaum:''    ("  Archiv  fUr  Anat.,"  1862.) 
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plete,  a  zooid  is  formed  from  it,  so  that,  at  one  time,  the  em- 
bryo appears  to  have  two  branchial  sacs. 

Metschnikoff^  and  Krohn'  have  shown  that  the  caudate 
larvae  of  SotryUus  are  not  composite,  as  Savigny  and  Sars 
supposed,  but  that  the  bodies  imagined  by  these  observers  to 
be  buds  are  simply  diverticula  of  the  ectoderm,  and  become 
converted  into  the  vascular  processes,  which  ramify  through 
the  common  test,  and  commonly  end  in  dilatations.  In  the 
adult,  the  buds  are  developed,  one,  or  sometimes  two,  at  a 
time,  at  the  sides  of  the  body,  and  consist  of  an  outer  layer, 
derived  from  the  ectoderm,  and  an  inner  layer,  which,  accord- 
ing to  Mefcschnikoff,  proceeds  from  the  atrial  tunic.  From 
the  inner  layer  the  alimentary  canal  of  the  bud  proceeds,  and 
between  the  inner  and  the  outer  layers  the  rudiments  of  the 
genitalia  appear.  The  ovaria  advance  toward  their  develop- 
ment much  more  rapidly  than  the  testes.  The  zooids  thus 
developed,  as  they  enlarge,  rise  to  the  surface,  taking  the 
place  of  those  from  which  they  proceed  and  which  die  away. 
The  ova  are  impregnated  from  without,  and  undergo  their  de- 
velopment in  the  atrium  of  the  parent.  Subsequently  the 
testes  attain  their  full  development ;  and,  at  the  same  time, 
the  buds  are  formed  which  will  give  rise  to  a  third  generation, 
supplanting  the  second. 

After  the  larva  (which  may  be  called  A)  has  attached  it- 
self, the  first  sets  of  zoOids  which  are  developed  are  sexless. 
The  first  bud  arises  on  the  right  side  of  the  body  of  the  larva 
(A)  in  the  neighborhood  of  the  heart ;  as  it  increases  in  size, 
the  parent  withers  away,  and  the  zo5id  (B)  thus  developed 
takes  its  place?  Two  buds,  a  right  and  a  left,  are  developed 
from  (B)  and  become  zoOids  (C,  C),  B  disappearing.  The  two 
zoOids  (C,  C)  are  so  disposed  that  their  atrial  ends  are  close 
together,  and  their  oral  ends  turned  away  from  one  another. 
These  each  develop  two  lateral  buds,  which  become  four 
zo5ids  (D,  D,  D,  D).  The  zoQids  (C,  C)  disappear  as  before,  and 
their  successors  arrange  themselves  in  a  circle.  Each  of  these 
develops  two,  or  sometimes  three,  lateral  buds  ;  these  grow 
into  zooids,  which  supplant  their  predecessors,  and  are  them- 
selves, in  turn,  supplanted. 

Every  new  system  of  the  later  successions  is,  at  first,  de- 

>  " Entwiokelungsgeschichtliche  Beitrage."  ("Bulletin  de  PAcad^mie  des 
Sciences  de  St.-P4ter8Dourg,"  xiii,  1868). 

a  "  Ueber  die  Fortpflanzungsverhaltmsse  bei  den  Botr>'lliden  "  ("  Arcbiv 
filr  Naturgeschiohte,'*^  1869).  "  Ueber  die  fraheste  Bildung  der  Botryllen- 
•tdcke"  (ibid.). 
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void  of  a  common  cloaca ;  and  the  zoOids  which  compose  it 
may  arrange  themselves  into  one  or  several  circles,  each  of 
which  then  acquires  its  cloaca. 

It  thus  appears  that,  in  £otrylluSy  the  ascidiozooid  which 
results  from  the  metamorphosis  of  the  caudate  larva  serves 
merely  as  a  kind  of  stock,  from  whence  the  other  zo(3ids 
which  build  up  the  ascidiarium  proceed  ;  and  this  leads  to 
the  still  more  singular  process  of  development  in  Pyrosornaj 
in  which  the  first-formed  embryo  attains  only  an  imperfect 
development,  and  disappears  after  having  given  rise  to  four 
ascidiozoCids. 

In  Pyrosoma^  the  ovisac  is  attached  by  a  short  oviduct  to 
the  walls  of  the  atrium,  into  which  it  eventually  opens,  and 
thus  allows  of  the  entrance  of  the  spermatozoa. 

Of  the  process  of  yelk-division  I  could  see  nothing  in  my 
specimen,  which  was  preserved  in  spirit,  but  it  has  since  been 
traced,  in  fresh  specimens,  by  Kowalewsky,*  who  compares  it 
to  that  which  takes  place  in  osseous  fishes.  The  result  is  the 
formation  of  an  elongated,  flattened  blastoderm,  wliich  occu- 
pies one  pole  of  the  e^g^  and  is  converted  into  what  I  termed 
the  cyathozooid^  which  is  shown  by  Kowalcwsky  to  be  a  sort 
of  rudimentary  ascidian  (Fig.  150.  VIII.).  From  this  a  pro- 
longation or  stolon  is  given  off",  which  becomes  divided  by  lat- 
eral constrictions  into  four  portions,  each  of  which  gives  rise 
to  a  complete  ascidiozoCid.  As  these  increase  in  size,  they  coil 
themselves  round  the  cyathozo5id,  with  their  oral  openings 
outward  and  their  cloacal  openings  inward,  and  thus  lay  the 
foundation  of  a  new  ascidiarium  (Fig.  150, VIII. ).  The  cyatho- 
zoOid  eventually  disappears,  and  its  place  is  occupied  by  the 
central  cloacal  cavity  (Fig.  150,  IX.).  Thus,  in  Pyrosoma,  the 
usual  first  stage  of  an  Ascidian — the  caudate  larva — is  abor- 
tive, and  serves  only  to  found  the  colony  by  the  buds  which 
are  developed  from  it. 

In  the  pelagic  genus  Doliolum^  the  cycle  of  life  of  the 
species  is  represented  by  distinct  sexual  and  sexless  forms. 
The  egg  produced  by  the  sexual  form  (A)'  gives  rise  to  a 
caudate  larva  which  passes  into  the  first  sexless  form  (B)  ; 
this  gives  off  from  the  neural  side  of  the  body  an  outgrowth 

»  "  Ueber  die  Entwickelungageschichte  der  Pyrosoma."  ("  Archiv  fur  Mikr. 
Anatomie,"  1875.) 

9  Huxley,  "  Remarks  upon  Appendicvlaria  and  Doliohtm.^*  ("  Phil. 
Trans.,"  1851.)    Krohn,  "  Ueber  die  6attunfr  DoUolvm.''  ("  Archiv  fiir  Natur- 

?feBchichte,"  1852.)    Gepenbaur,  "  Ueber  die  Entwickelung  von  DoHolum,^* 
Zeitmhrift  fur  loiss.  jSoolngi\  1853.) 
»  Keferstein  and  Ehlers',  "  Zoologische  Beitrfige,"  1861. 
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or  stolon,  from  which  bnda  are  developed.  These  buds  are 
arraoged  in  three  rows,  two  lateral  and  one  median,  and  grow 
into  zoOids  oi  two  different  forms,  of  which  the  median  may 
be  indicated  by  C  tn,  the  lateral  by  C  I.  All  these  zoiiids  are 
detached,  and  swim  about  as  independent  organisms,  What 
becomes  of  the  lateral  zoUids  (C  I)  is  unknown.  But  the 
median  zoOids  give  oS  a  stolon  from  the  haemal  side  of  the 
body  on  which  buds  are  developed,  which  pasB  into  the  sex- 
ual form  (A). 

The  sexual  zoOid  (A)  (Fig.  151)  is  shaped  like  a.  cask  with 
an  opening  at  each  end ;  these  are  the  oral  and  cloacal  aper- 
tures. According  to  Keferstein  and  Ehlers  there  is  no  test, 
the  outer  wall  of  the  body  being  formed,  as  in  most  Appen- 
diculari(B,  by  the  ectoderm.  Eight  muscular  bands  encircle 
the  body,  and  by  their  contractions  expel  the  water  from 
either  the  oral  or  the  cloacal  ends.  The  body  is  thus  pro- 
pelled either  backward  or  forward.  The  branchial  sac  is 
much  simplified.  In  Doliolvtn  JUnUeri,  the  atrial  cavity  does 
not  extend  further  forward  than  the  hinder  end  of  the  wide 
pharynx,  and  tliis  is  perforated  only  by  two  rows  of  stigmata, 
four  or  five  in  each.  In  DoUolum  denticulatum  (Fig.  151), 
on  the  other  hand,  the  atrial  cavity  extends  forward  at  the 
sides  of  the  pharynx,  both  on  the  hffimal  and  the  neural  side, 
and  the  stigmata  are  numerous  and  vertically  elongated. 

An  opening  in  the  middle  line  of  the  hEemal  face  of  the 


~a,  ganglion:  crndoe^le;  d,  oml  openliiE;  g, 
letOue;  p,t',terXit;  r,  neirt;  f,f,n:iaei:)«a. 

pharynx  leads,  by  a  short  gullet,  into  a  dilated  stomach, 
whence  the  slender  intestine  proceeds  to  terminate  in  the 
atrial  cavity.  The  nervous  ganglion  is  situated  in  the  third 
intermuscular  space  in  D,  devtirulatum.  There  is  a  ciliated 
sac,  but  no  auditory  organ,  in  the  sexual  form.  The  testis 
23 
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is  a  long  tube  (Fig.  151, />,/>),  which  lies  on  one  side  of  the 
haQmal  face  of  the  body  and  opens  on  a  papilla  in  the  atrium. 
The  ovary,  small,  rounded,  and  situated  close  to  the  hinder 
end  of  the  testis,  contains  many  ova.  According  to  Kefer- 
stein  and  Ehlers,  the  ova  and  spermatozoa  appear  often  to 
become  ripe  at  the  same  time. 

The  first  sexless  zo5id  (B)  resembles  A  in  general  form, 
but  has  nine  muscle-rings.  The  long  stolon,  which  trails  in 
the  water,  is  attached  in  the  seventh  intermuscular  space  to 
the  middle  of  the  neural  face  of  the  body.  The  stigmata  are 
arranged  as  in  the  form  A,  of  Doliolum  Mulleriy  and  one  of 
the  anterolateral  nerves  terminates  in  an  otolithic  sac.  It  is 
spherical,  and  contains  a  single  otolith. 

The  zooids  produced  by  the  l-dteral  buds  of  the  stolon  (C  T) 
have  wide  oral  apertures,  and  the  body  is  shaped  somewhat 
like  the  bowl  of  a  spoon.  They  possess  neither  auditory  or- 
gans nor  genital  organs,  nor  hav^e  they  been  observed  to  de- 
velop buds.  The  median  zoOids  (C  m)  closely  resemble  the 
sexual  zo5ids.  The  stalk  by  which  each  is  attached,  and  the 
insertion  of  which  is  in  the  middle  line  of  the  haemal  face  in 
the  sixth  intermuscular  space,  remains  as  a  prominence  after 
the  animal  is  set  free  ;  and,  from  the  base  of  this  prominence, 
buds  are  developed  which  take  on  a  sexual  form  (A). 

In  the  S^lpoBy  the  divergence  from  the  ordinary  Tunicata 
reaches  its  maximum.  The  cTral  and  atrial  openings  are  situ- 
ated at  opposite  extremities  of  the  body,  as  in  Pyrosoma  and 
Doliolum  /  and  the  branchial  stigmata  are  represented  by 
wide  vacuities  at  the  sides  of  the  branchial  sac,  the  walls  of 
which  are  thus  represented  only  by  the  epipharyngeal  folds 
on  the  one  side,  and  a  narrow  trabecula,  which  occupies  the 
region  of  the  hypopharyngeal  band,  on  the  other  side.  The 
relatively  small  alimentary  and  reproductive  viscera  are  some- 
times aggregated  into  a  mass — the  so-called  nucleus — at  the 
posterior  end  of  the  haemal  side  of  the  body.  The  chief  mus- 
cular bands,  by  the  contraction  of  which  the  water  is  driven 
out  of  the  branchial  and  atrial  apertures,  and  the  propulsion 
of  the  animal  is  effacted,  are  transverse,  but  do  not  form  com- 
plete hoops,  as  in  Doliolum, 

In  all  the  Salpoe,  each  species  is  represented  bv  two  sets 
of  zoOids,  the  one  sexual  and  the  other  sexless.  The  sexual 
zoOids  are  produced  by  budding  from  a  stolon,  which  is  given 
off  from  the  body  of  the  sexless  form  in  the  immediate  neigh- 
borhood of  the  heart.  When  the  sexual  zooids  thus  formed 
are  detached,  they  are  at  first  connected  into  chains  of  vari- 
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ous  forms,  but  these  eventually  break  up,  and  the  constituent 
zooids  are  set  free.  Fig.  162  shows  the  two  zo5ids  of  the 
species  Salpa  democratica-mucronata^  viz.,  the  sexless  zooid, 
Salpa  democrcUica  (Fig.  152, 1.),  and  the  free  sexual  zoOid, 
Salpa  nvucronata  (Fig.  152,  XL). 

The  recent  investigations  of  Dr.  Todaro,*  in  accordance 
with  those  of  Kowalewsky,  show  that  the  stolon  is  formed, 
as  in  Pyrosomaj  by  the  conjunction  of  a  process  of  the  endo- 
derm  which  forms  the  extremity  of  the  endostyle,  with  an 
outgrowth  of  the  ectoderm,  and  with  certain  cells  of  the  meso- 
blast.  But,  according  to  Todaro,  there  is  this  essential  differ- 
ence :  the  young  Salpce,  which  make  their  appearance  in 
double  series  along  the  stolon,  are  developed  altogether  from 
the  mesoblastic  cells.  These  cells,  in  fact,  besome  aggre- 
gated into  masses,  of  which  four  are  arranged  in  the  circum- 
ference of  each  segment  into  which  the  stolon  is  divided ;  and 
two  of  these  masses,  one  on  each  side  of  each  segment,  are 
converted  into  young  SalpcB  by  a  process  analogous  to  that 
by  which  a  morula  becomes  an  embryo.  If  this  account  of 
the  matter  be  correct,  the  agamic  development  of  the  Sidpoe 
would  rather  resemble  that  of  the  germ  masses  of  the  sporo- 
cysts  of  TremcUoday  or  the  pseud-ova  of  insects,  than  ordinary 
budding. 

Each  sexual  zobid  possesses  a  testis  and  a  single  ovum. 
The  latter  is  contained  in  an  ovarian  follicle,  the  slender  duct 
of  which  is  attached  to  the  wall  of  the  atrium  and  opens  into 
the  atrial  cavity.  The  testis  attains  its  full  growth  and  func- 
tional perfection  only  after  the  ovum  has  undergone  develop- 
ment. It  follows,  therefore,  that  impregnation  must  be  ef- 
fected by  the  spermatozoa  of  some  other  zo(5id.  The  sexless 
form  which  is  developed  from  the  egg  goes  through  the  early 
stages  of  its  development  in  the  atrial  cavity  of  the  parent,  to 
the  walls  of  which  it  is  attached  by  a  peduncle  (Fig.  152, 
III.),  the  centre  of  which  is  occupied  by  a  diverticulum  of  the 
vascular  canals  of  the  parent,  inclosed  within  a  cup-shaped 
cavity  in  free  communication  with  the  blood-sinuses  of  the 
foetus.  It  is,  in  fact,  a  true  placenta  ;  and,  during  life,  the 
independence  of  the  foetal  and  maternal  circulations  is  readily 
observed,  as  the  blood-corpuscles  of  the  two  organisms  course 
through  their  respective  channels. 

The  early  stages  of  the  development  of  the  embryo  Salpa 
have  been  investigated  by  numerous  observers,  most  recently 

>  "Sopra  lo  Sviluppo  e  I'AiiAtomia  delle  Salpe,"  1375. 
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by  Kowalewsky,'  Todaro,  Brooke,'  and  Salensky,'    The  ob- 
serrationB  of  the  last-named  author  relate  chiefly  to  Salpa 


A  faMSaipa  democniAiu  attBched  b;  its  plucenta  to  the  wall  of  Ute 

■trial  tMvltj  ot  a  8^pa  mneronala,  TV.  Part  of  tbe  elalou  of  Salpa  deeicemtica 
with  attached  Sa^  mucrmata  bndg. 
Tbe  lettere  luTe  the  tame  ■ignificatlon  thronehont ;  a,  oral ;  b,  atrial  oriflcce ;  e. 
endoetjle;  d.  EaugUoD  ;  e.  iiypopbaryDgeal  band  in  a  sn-called  "  bnncbls ; '  j; 
lancet;  a.  heart :  h,  (cemmlparoiiB  bIoIdii  ;  i,  vtacBral  mass  or  noclens;  jt,  mna- 
cnlatbande  ;  m,  placents  ;  it,  blood  bIddb  ;  g,  oyleac  and  ovam  ;  t,  Btomach;  w, 
clllatad  aac  ;  a,  celeoblast ;  ■.  ectodsim  and  test ;  fi,  endodenn. 

democratica-mucronata,  and  his  account  of  the  process  ap- 
pears to  me  to  be  the  most  satisfactory. 

>  "  Nachrichten  der  IC&Diglichen  Gesellschatl  :u  Getting 

'"Bulletin  ol'f--  " -  -' " ■'—  "----■■  "^ 

»  ZeUtehnft/ar 
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The  egg  is  impregnated  in  the  ovarian  follicle,  as  in  Pyro- 
soma  ;  and  the  oviduct,  shortening,  gradually  draws  the  ova- 
rian follicle,  with  its  contents,  into  a  sort  of  incubatory  pouch, 
which  is  a  diverticulum  of  the  wall  of  the  atrium,  and  pro- 
jects into  the  atrial  cavity. 

For  distinction's  sake  the  incubatory  pouch  may  be  termed 
the  ovicyst.  As  the  oviduct  shortens,  it  widens,  and  consti- 
tutes, together  with  the  ovarian  follicle,  a  single  uterine  saCy 
the  outer  or  oviducal  half  of  which  applies  itself  to  the  wall 
of  the  ovicyst,  while  the  inner  half  contains  the  ovum.  The 
vitellus  undergoes  complete  division,  and  the  superficial  layer 
of  blastomeres  constitutes  itself  into  an  epiblast,  investing 
the  solid  mass  formed  by  the  other  blastomeres,  which  repre- 
sent the  hypoblast.  A  mesoblastic  layer  subsequently  ap- 
pears between  the  two.  The  nervous  ganglion  results  from 
an  involution  of  the  epiblast,  while  the  branchial  sac,  the 
alimentary  canal,  and  the  asrium,  are  the  product  of  the  sub- 
division of  a  cavity  which  appears  in  the  midst  of  the  hypo- 
blast. The  maternal  and  the  foetal  parts  of  the  placenta 
arise,  respectively,  from  the  wall  of  the  ovarian  sac,  and  from 
certain  large  blastomeres  on  the  adjacent  haemal  face  of  the 
embryo.  ' 

Todaro  agrees  with  other  observers  in  stating  that  the 
vitellus  undergoes  division,  and  that  a  small  celled  blastoderm 
invests  the  large  remaining  cells,  which  he  terms  the  germinal 
mass.     But  his  account  of  the  further  stages  of  development 
is  very  diflFerent.     A  circular  thickening  of  the  blastoderm 
separates  the  hemisphere  which  is  directed  outward  from  that 
which  is  turned  inward,  and  gives  rise  to  a  lamellar  outgrowth 
It  is,  at  first,  directed  toward  the  iniier  end  of  the  ovisac 
having  reached  the  bottom  of  which,  it  becomes  reflected 
and  the  reflected  portions  lining  the  inner  wall  of  the  ovisac 
and  meeting  over  the  outer  hemisphere,  form  a  sort  of  am 
niotic  investment  of  the  embryo.     It  is  the  cavity  left  be 
tween  this  "  amnion  ^  and  the  inner  hemisphere  of  the  blasto 
derm,  which  becomes  the  parental  blood-sinus.     An  involu 
tion  of  the  outer  hemisphere  of  the  blastoderm  gives  rise  to 
the  alimentary  canal,  which  becomes  shut  ofi^,  as  the  endoderm, 
from  the  remaining  blastoderm,  which  constitutes  the  ecto- 
derm.    A  mass  of  cells  which  appears  in  the  middle  of  the 
outer  half  of  the  embryo,  between  the  alimentary  sac  and  the 
ectoderm,  and  which  has  only  a  transitory  existence,  is  re- 
garded by  Todaro  as  the  representative  of  the  urochord- 


CHAPTER  XL 

THB  PEBIPATIDEA,  THB  MTZOSTOMATA,  THE  ENTEBOPNEUSTA, 
THE  CH^TOGNATHA,  THE  NEMATOIDEA,  THE  PHTSEMABIA, 
THE   ACANTHOCEPHALA,   AND   THE   DICYEMIDA.  * 

I  HAVE  reserved  for  discussion  in  this  chapter  the  Peripa- 
tidea^  which  have  heretofore  been  referred  by  most  authors  to 
the  Annelida  ;  and  certain  groups  of  the  lower  Metaaoa^  the 
precise  morphological  relations  of  which  are  as  yet  uncertain, 
although  it  is  pretty  dear  that  several  of  them  are  allied  with 
the  lower  Annelida,  the  Hoti/era,  and  the  Ihirbellaria.  They 
are,  for  the  most  part,  totally  devoid  of  segmentation ;  while 
the  Chmtognatha  and  the  Myzostomata  alone  present  any 
structures  resembling  limbs,  though  the  nature  of  these  is 
doubtful.  So  far  as  the  nervous  system  is  clearly  made  out, 
it  exhibits  no  such  chain  of  post-oral  ganglia  as  characterizes 
the  higher  worms. 

The  Pebipatidea. — At  p.  225, 1  have  referred  this  group 
to  the  Arthropoda,  Mr.  Moseley's  memoir  on  Peripatits  *  hav- 
ing left  no  doubt  upon  my  mind,  that  he  had  satisfactorily 
proved  the  justice  of  the  surmise  respecting  its  affinities 
originally  made  by  Gervais.  It  is  only  recently,  however, 
that  I  have  been  able,  thanks  to  Mr.  Moseley,  to  examine  one 
or  two  specimens  of  Peripatus  Novce  Zdaniod,  and  to  satisfy 
myself  of  the  main  point,  namely,  the  existence  of  the  tra- 
cheal system  which  he  has  described. 

Of  the  genus  Peripatus  several  species  are  now  known, 
from  the  West  Indies,  South  America,  the  Cape  of  Good 
Hope,  and  New  Zealand,  where  they  are  found  among  the  de- 
caying wood  of  damp  and  warm  localities.     They  have  the 

1  '''•  Philosophical  Transactions,^'  1874.  Sm.  also,  the  valuable  memoir  of 
Grube,  **  Ueber  den  Bau  von  Pfripattu  EdwaroBii^'*  ("  Archiv  fur  Anatomie," 
1868). 
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curious  habit  of  throwing  out  a  web  of  viscid  filaments  when 
handled  or  otherwise  irritated. 

The  head  is  distinct,  and  is  provided  with  a  pair  of  many- 
jointed  antenua-like  tentacula  and  two  simple  eyes.  The 
mouth,  situated  upon  the  under  surface  of  the  head,  is  sur- 
rounded hy  a  prominent  lip,  which  inclose  s  a  pair  of  jaws, 
each  of  which  is  terminated  by  two  curved  chitinous  claws, 
similar  to  those  of  the  feet.  On  each  side  of  the  mouth,  the 
head  supports  a  short  obscurely-jointed  "  oral  papilla,"  which 
is  somewhat  like  one  of  the  feet,  but  is  devoid  of  claws  and 
perforated  at  its  extremity.  The  head  is  followed  by  an  un- 
segmented  body  produced  laterally  into  paired  appendages, 
which  vary  in  number  from  fourteen  to  more  than  thirty,  ac- 
cording to  the  species  ;  and  each  of  these  appendages  is  in- 
distinctly articulated,  the  terminal  joint  being  provided  with 
two  small  curved  claws. 

The  anus  is  terminal,  and  the  genital  aperture  is  situated 
on  a  papillae,  a  little  distance  in  front  of  the  anus,  on  the 
neural  or  ventral  face  of  the  body. 

The  alimentary  canal  conjmences  by  an  ovoid  muscular 
pharynx.  The  oesophagus,  continued  from  this,  gradually 
dilates  into  a  wide  and  long  stomach,  from  which  a  very  short 
intestine  is  continued  to  the  anus,  situated  at  the  posterior 
end  of  the  body.  There  are  no  Malpighian  cseca.  Two  very 
large  ramified  tubular  glands,  which  secrete  the  viscid  matter 
of  which  the  web  is  composed,  lie  at  the  sides  of  the  alimen- 
tary canal,  and  open  outward  by  the  perforations  of  the  oral 
papillae.  A  vessel  occupies  the  middle  line  of  the  dorsal 
body-wali,  and  is  probably  a  heart. 

The  respiratory  organs  are  the  tracheae  discovered  by  Mr. 
Moseley.  The  numerous  pores,  or  stigmata^  from  which  the 
tracheae  take  their  origin,  are  scattered  all  oVer  the  surface 
of  the  body,  one  row  being  median  and  ventral.  Each  stigma 
is  the  outward  termination  of  a  short,  wide  tube,  which,  at 
its  opposite  end,  branches  out  into  a  pencil  of  fine  tracheae, 
which  rarely  divide,  and  are  distributed  in  great  abundance 
to  the  viscera.  They  are  very  delicate  tubes,  which  often 
take  an  undulating  course,  and  are  rarely  more  than  ti-^^js 
of  an  inch  in  diameter.  In  optical  section,  their  walls  have 
a  finely-beaded  appen ranee,  as  if  from  the  presence  of  trans- 
verse thickenings,  though  distinct  transverse  markings  are 
rarely  to  be  seen. 

The  nervous  system,  as  Milne-Edwards  discovered,  con- 
sists of  two  ganglia  in  the  head,  closely  united  above  the 
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oesophagus.  From  each  of  these  a  relatively  stout  longitudi- 
nal cord  proceeds,  overlying  the  bases  of  the  feet  (and  hence 
widely  separated  from  its  fellow),  to  the  posterior  extremity 
of  the  body.  As  Grube  has  stated,  there  are  no  distinct 
ganglia  on  this  cord.  On  the  contrary,  ganglionic  cells  ap- 
pear to  be  pretty  evenly  distributed  along  its  ventral  face, 
throughout  its  length  ;  and  nerves,  which  pass  transversely 
outward  and  inward,  are  given  off  from  opposite  sides  of  it 
at  short  intervals.  Grube  has  shown  that  many  of  the 
branches  that  take  the  latter  direction  are  commissures  be- 
tween the  two  cords. 

The  muscles  of  Peripatus  are  not  striated,  which  is  a 
curious  exception  to  its  generally  well-marked  arthropod  char- 
acteristics. 

Mr.  Moseley  has  proved  that  the  sexes  are  distinct.  The 
ovary  is  small,  divided  by  a  median  septum  into  two  lobes, 
and  lies  beneath  the  alimentary  canal.  The  oviduct,  at  first 
single,  divides  into  two  branches,  which  are  long,  and,  pos- 
teriorly, present  uterine  dilatations.  They  then  unite,  and  ter- 
minate by  a  short  vagina  on  the  ventral  aspect  of  the  rectum. 
The  testes  are  ovate  bodies,  each  with  a  csecal  appendage. 
The  long  and  coiled  vasa  deferentia  unite  into  a  common 
duct,  which  opens  in  the  same  position  as  in  the  female.  The 
ova  are  developed  within  the  uterine  dilatations  of  the  ovi- 
ducts.* 

Mr.  Moseley  has  made  out  the  chief  points  in  the  develop- 
mental history  of  Peripatus. 

In  an  early  condition,  the  embrj^o  is  very  like  that  of  a 
Scorpion,  but  is  folded  upon  itself,  so  that  the  ventral  aspects 
of  the  anterior  and  posterior  halves  of  the  body  are  turned 
toward  one  another.  As  in  the  Scorpion,  there  is  a  pair  of 
large  procephalic  lobes,  succeeded  by  a  series  of  segments, 
from  the  sides  of  which,  processes  —  the  rudiments  of  the 
limbs — ^bud  out.  The  procephalic  lobes  give  rise  to  a  kind 
of  hood,  the  lateral  angles  of  which  extend  over  the  bases  of 
the  first  pair  of  limbs,  and  join  with  those  of  the  second  pair, 
which  are  the  oral  papillae  of  the  adult.  The  first  pair  of 
limbs  thus  become  inclosed  within  the  hood  (tlie  margins  of 
which  form  the  suctorial  lip  of  the  adult),  and  developing 
two  chitinous  claws  upon  their  extremities,  like  those  of  the 

*  One  of  the  specimens  which  I  examined  was  a  pregnant  female,  "but  the 
viscera  were  gluea  together,  apparently  by  the  action  of  the  spirit  in  which  it 
had  been  preserved,  in  such  a  manner,  that  little  could  be  maae  of  their  strao- 
ture  or  of  that  of  the  embryos. 
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.  other  limbs,  they  are  converted  into  the  jaws  of  the  adult 
animal.  It  is  remarkable  that  the  antennae  are  developed 
from  the  anterior  part  of  the  procephalic  lobes  ;  while  the 
chelicerae  of  the  Scorpion  appear  at  the  posterior  margin  of 
these  lobes,  in  a  position  corresponding  with  that  of  the  first 
pair  of  limbs,  or  jaws,  of  Peripatus, 

It  is  obvious  that  whether  we  consider  the  appendages, 
the  respiratory  and  reproductive  systems,  or  the  development 
of  the  embryo,  Peripatus  is  a  true  Arthropod,  apparently 
nearly  allied  to  the  suctorial  Myriapoda. 

Thb  Myzostomata. — The  genus  Myzostomum^  compre- 
hends certain  small  animals,  the  largest  species  not  exceeding 
one-fifth  of  an  inch  in  length,  which  are  parasitic  upon  the 
Feather-stars.  The  body  has  the  form  of  a  fattened  oval  disk, 
the  surface  of  which  is  ciliated,  while  its  margins  may  be 
produced  into  as  many  as  twenty  short  filamentous  processes 
or  cirri.  Within  the  margin  of  the  ventral  face  are  eight 
suckers,  four  on  each  side,  and,  internal  to  these  again,  are 
ten  short  conical  "  feet,"  five  on  each  side ;  each  of  these 
lodges  two  strong  setae,  which  can  be  protracted  and  re- 
tracted in  the  same  way  as  those  of  Annelids.  Just  within 
the  middle  of  the  anterior  margin  lies  a  rounded  aperture, 
through  which  a  muscular  proboscis,  the  free  end  of  which  is 
beset  with  papillae,  can  be  protruded.  A  straight  alimentary 
canal  runs  through  the  body,  and  terminates  in  a  sort  of 
cloaca,  which  opens  in  the  middle  line  on  the  posterior  mar- 
gin. From  each  side  of  the  alimentary  canal  long  ramified 
caeca  are  given  off. 

No  vessels  or  organs  of  circulation  have  been  discovered. 
All  that  is  known  of  the  nervous  system  is  an  elongated  gan- 
glionic mass,  from  which  branches  are  given  off  on  each  side, 
situated  in  the  middle  line  of  the  ventral  face  of  the  bodv. 

The  sexes  are  combined  in  the  same  individual.  The 
acini  of  the  generative  glands  are  scattered  through  the  body. 
Those  of  the  testes  pour  their  contents  into  ducts,  which 
unite  together  and  open  by  a  separate  vas  deferens  on  each 
side  of  the  body,  about  the  middle  of  its  ventral  face.  The 
two  oviducts  convey  the  ova  to  the  cloacal  chamber.  1 

The  development  of  Myzostomum  has  been  worked  out 
by  Semper  and  by  Metschnikoff."      The  vitellus  undergoes 

*  Sm  Lov^n,  "  Archiv  fur  NaturgescMchte,"  1842. 

«  Semper,  "  Zur  Anatomie  und  EntwickelunffSffeschichte  der  Gattung  My- 
zostomum." {ZeiUchrift  fur  wise.  ZoologU^  1875.)  **  Zur  Entwickelungsge- 
sohiohte  von  Myzostomum."    (Ibid.,  1866.) 
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complete  division,  and  the  embryo  leaves  the  egg  as  an  oval 
morula,  covered  with  vibratile  cilia.  In  the  next  stage  ob- 
served, the  embryo  is  cylindroidal,  and  is  provided  with  a 
mouth  at  one  end  and  an  anus  at  the  other.  The  commence- 
ment of  the  straight  and  simple  alimentary  canal  has  the 
form  of  a  muscular  bulb  or  proboscis.  There  are  two  pairs 
of  rudimentarj'  appendages,  each  containing  two  setse.  The 
number  of  the  setigerous  appendages  increases  up  to  five 
pairs,  and  the  intestine  begins  to  show  indications  of  diver- 
ticula; but,  in  the  latest  stage  observed,  the  cirri  had  not 
made  their  appearance,  and  the  body  was  still  comparatively 
narrow. 

Metschnikoff  regards  Myzostomum  as  a  parasitic  form  of 
a  polychaetous  Annelid  ;  and  there  is  much  to  be  said  in 
favor  of  this  suggestion  ;  though,  in  some  respects,  it  rather 
approaches  the  Sirudinea. 

The  presence  of  cilia  on  the  surface  of  the  body  and  of 
protractile  setse  in  the  parapodia  excludes  Myzostormifn 
from  the  Arthropoda ;  while  Metschnikoff  has  justly  com- 
pared its  larval  state  with  that  of  jSyllis.  Sufficient  doubt, 
however,  still  adheres  to  the  determination  of  the  true  place 
of  MyzoBtovnum^  to  lead  me  to  discuss  it  apart  from  the  An- 
nelids. 

The  Entkbopnefsta. — The  very  singular  animal  Scdano- 
glosBUs^  which  is  the  only  known  example  of  this  group,  is 
an  elongated,  apodal,  soft-bodied  worm,  with  the  mouth  at 
one  end  of  the  body  and  the  anus  at  the  other  (Fig.  153, 
III.).  The  mouth  is  surrounded  by  a  sort  of  collar,  or  promi- 
nent lip,  within  the  margin  of  which  springs  a  long  probos- 
cidiform  median  appendage,  which  is  hollow  within  and  has  a 
terminal  pore.  On  the  same  side  as  that  from  which  the  pro- 
boscis springs,  the  anterior  region  of  the  body  presents  an 
elongated,  somewhat  flattened  area,  bounded  by  raised  longi- 
tudinal folds.  On  each  side  of  this  area  is  a  longitudinal  se- 
ries of  apertures — the  branchial  apertures.  The  latter  com- 
municate with  saccular  dilatations  of  the  anterior  part  of  the 
alimentary  canal,  and  these  branchial  sacs  are  supported  by 
a  peculiar  skeleton. 

No  nervous  system,  nor  any  organs  of  sense,  have  yet  been 
certainly  made  out. 

According  to  Kowalewsky,'  who  was  the  first  to  elucidate 

^     1  *^  Anatomie  des  BalanogloBsus."    (^*  M^m.  de  PAcad.  Imp.  de  St.-P^ters- 
bourg,"  1866.) 
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the  true  nature  of  Balanogloasua,  the  va^scular  system  con- 
sists of  a  dorsal  and  a  ventral  vessel.  At  the  posterior  end 
of  the  branchial  region  the  former  divides  into  a  superior  and 
an  inferior  dorsal,  and  two  lateral,  trunks.  The  superior 
trunk  passes  forward,  and,  at  the  anterior  end  of  the  body, 
divides  into  two  descending  branches,  which  unite  with  the 
ventral  trunk.  The  inferior  derail  trunk  supplies  the  bran- 
chiae, of  which  the  lateral  trunks  are  the  efferent  vessels. 

For  the  pharyngeal  branohiEB  of  £alanoglossu»,  the  only 
parallels  to  be  found  are  among  the  Twnicata  and  the  Verte- 
brata.  On  the  other  hand,  the  larval  form  of  this  anom^ous 
creature  is  generally  Annelidan  or  Turbellarian,  with  very 
close  and  special  resemblances  to  the  Echinoptedia  of  some 
J^h  in  0  derm  ata. 

The  young  of  Btdanoglosstis  was  first  observed  by  MflUer, 
who  called  it  Tornaria,  and  regarded  it  (as  did  all  succeeding 
observers  until  its  true  nature  was  discovered)  as  an  Echino- 
derm-larva,  on  account  of  its  extraordinary  resemblance  to 
the  larvee  of  Star-fishes  (Fig.  153,  1.). 


leadLni;  to  tlie 

prolongiillon  ot  lae  mc;  a,  aean;  t,  mie'tine;  »,  inomacn;  0.  (esopuagTiB:  m, 
iDimtti;   H.  u',  ]ob99  of  Ibe  allmeDUTy  canal;  mfi,  mnBcnlBr  band  nmnlng  rrom 
the  eje-«peck  (e>  Id  the  vBteTTaBcnlar  nc, 
H.  A  yoUDg  SaAmofffOMCM— Istlers  *b  berbre.  except  g,  the  Srst  Ibnned  branchial 

m,  A  more  tilvanced  Balaitog  attui ;  t,  the  callar;  p.  the  pmboBcls. 

It  is  an  elongated  ovoid  body,  provided  with  three  bands 
of  cilia,  one  of  which  is  pne-oral,  while  the  other  two  are 
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post-oral.  Of  the  latter,  one,  at  the  posterior  end,  is  circular, 
while  the  other  is  inclined  obliquely  to  the  axis  of  the  body, 
so  that  anteriorly  and  superioriy  it  reaches  the  ai^terior  ex- 
tremity, while  posterioriy  it  occupies  neariy  the  middle  of  the 
body.  On  the  ventral  face  a  deep  groove  separates  it  from 
the  prae-oral  ciliated  band,  and  in  this  groove  the  mouth  is 
situated.  The  margins  of  the  prae-oral  and  post-oral  ciliated 
bands  are  deeply  sinuated,  and  they  come  into  contact  in  the 
median  dorsal  line.  A  wide  gullet  leads  from  the  moutb,  and 
opens  into  the  gastro-intestinal  portion  of  the  alimentary 
canal,  which  passes  backward  in  the  middle  line  to  terminate 
in  the  anus,  at  the  hinder  end  of  the  body.  About  the  middle 
of  the  dorsal  face  of  the  body  there  is  a  circular  pore  (Fig. 
153,  I.  c?),  whence  a  canal  leads  to  a  rounded  sac  which  lies 
on  the  junction  between  the  gullet  and  the  stomach.  The 
sac  gives  off  two  lateral  short  diverticula,  which  embrace  the 
oesophagus.  A  delicate  band,  apparently  of  a  muscular  na- 
ture, connects  the  summit  of  the  water-sac  with  that  part  of 
the  dorsal  aspect  of  the  body  at  which  the  prae-oral  and  post- 
oral  ciliated  bands  unite.  Here  two  eye-spots  are  developed. 
A  constriction  separates  a  rounded  gastric  from  a  tubular  in- 
testinal division  of  the  alimentary  canal.  Diverticula  of  the 
gastro-intestinal  part  of  the  alimentaiy  canal  give  rise  to  two 
pairs  of  discoidal  bodies,  from  which,  apparently,  the  meso- 
blast  and  the  perivisceral  cavity  of  the  Balanoglossus  are  de- 
veloped. 

From  the  sides  of  the  oesophagus  a  series  of  diverticula 
are  given  off,  which  unite  with  the  ectoderm,  open  externally, 
and  become  the  gill-pouches.  When  only  two  of  these  bran- 
chial apertures  are  formed,  they  are  said  by  Metschnikoff  to 
have  a  striking  resemblance  to  those  of  Appendicidaria.  A 
pulsating  vesicle — the  so-called  "  heart " — makes  its  appear- 
ance close  to  the  water-sac.  The  anterior  end  of  the  body, 
in  front  of  the  mouth,  now  elongates,  and  is  converted  into 
the  proboscis ;  while  the  post-oral  region  loses  its  ciliated 
bands,  and,  lengthening,  becomes  the  long  body  of  the  adult 
worm.*     (Fig.  153,  II.,  III.) 

The  Ch^tognatha. — The  genus  Sagittiot^  which  is  the 

»  See  Agassiz,  "  The  History  of  Balanoglossits  and  Tornaria  "  ("  Memoirs 
of  the  American  Academy  of  Arts  and  Sciences,"  1873) ;  and  Metschnikoff, 
"  Untersuchungen  liber  die  Metamorphose  einiger  Seethiere."  {S^dtschrift 
fur  wiss.  Zoologie^  xx.,  1870). 

2  See  Busk,  Qitarierly  Jovrnal  of  Microscopioal  Science,  1856.  Leucktft  and 
Pagenstecher,  "  Archiv  ilir  Anatomic,"  1858. 
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only  metnber  of  this  group,  comprises  several  species  of  small 
animals  which  are  found  swimming  at  the  surface  of  the  ocean 
in  all  parts  of  the  world.  Although  ttie  whole  structure  and 
coiurse  of  development  of  Sagitta  are  now  very  well  known, 
its  true  affinities  are  not  definitely  settled.  Anatomically,  it 
approaches  the  Nematoid  worms  and  the  oligochaetous  Anne- 
lids in  some  respects  ;  but  its  development  presents  pecul- 
iarities which  are  as  yet  unknown  among  these  animals,  while 
they  occur  among  the  JBrachiopoda  and  the  JEchinodermata. 
The  body  of  Sagitta  (Fig.  154),  rarely  more  than  an  inch 
long,  is  elongated,  subcylindrical,  and  uusegmented  ;  it  is  en- 
larged at  one  end  into  a  rounded  head,  while  at  the  other  it 
tapers  to  a  point.  There  are  no  parapodial  appendages,  but 
the  chitinous  cuticle  is  produced  into  a  finely-striated  lateral 
fin  on  each  side  of  the  body  and  tail,  and  into  delicate  setae. 
On  each  side  of  the  head  there  are  a  number  of  strong,  curved, 
claw-like,  chitinous  processes,  which  can  be  laterally  divari- 
cated and  approximated,  and  serve  as  jaws.  Between  them 
is  the  mouth ;  and  at  the  sides  of  the  mouth  are  four  sets  of 
short  but  strong  spines.  The  mouth  leads  into  a  simple  and 
straight  intestine,  which  opens  by  an  anus  situated  on  the 
ventral  face  of  the  body,  where  the  tapering  caudal  region 
commences.  A  dorsal  and  a  ventral  mesenteric  band  connect 
the  intestine  with  the  wall  of  the  body,  and  divide  the  peri- 
visceral cavity  into  two  chambers.  Beneath  the  ectoderm 
lies  a  layer  of  longitudinal,  striated,  muscular  fibres.  The 
nervous  system  consists  of  a  large  oval  ganglion,  which  lies 
in  the  middle  of  the  ventral  wall  of  the  body,  and  sends  off 
anteriorly  two  commissural  cords,  which  unite  with  a  supra- 
cesophageal  ganglion.  Among  other  branches,  this  gives  off 
two  to  the  dorsal  side  of  the  head  ;  these  dilate  at  their  ex- 
tremities into  spheroidal  ganglia  on  which  the  eyes  rest.  The 
ovaries  are  elongated  tubular  organs,  which  lie  one  on  each 
side  of  the  intestine,  attached  to  the  parietes  of  the  body. 
Their  ciliated  ducts  open  close  to  the  vent  and  are  provided 
with  dilatations  which  serve  as  receptacula  seminis.  Behind 
the  anus  the  mesenteric  laminae  unite  and  form  a  vertical 
partition,  which  divides  the  cavity  of  the  caudal  part  of  the 
body  into  two  chambers.  On  the  lateral  walls  of  these,  cellu- 
lar masses  are  developed,  which  become  detached,  and,  float- 
ing freely  in  the  perivisceral  fluid,  are  developed  into  sper- 
matozoa. The  latter  escape  by  spout-like  lateral  ducts,  the 
dilated  bases  of  which  may  be  regarded  as  vesiculae  semi- 
nales. 
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Thus  far,  although  the  organization  of  SagUta  is  very 
peculiar,  it  presents  analogies  both  with  the  Nematoidea  aud 
with  the  Annelida.    But  its  development,  as  described  by 


Fia.1M.—SagttUt  M]mnetata,—a,  the  head,  with  Ita  ens  ind  RppsodliM;  ft,  the 

anne  ;  e.  tbe  ovur; ;  d.  the  teetlcalKr  cbunben. 

Kowalewaky,'  ia,  in  some  respects,  unlike  anything  at  pres- 
ent known  in  either  of  these  groups.  Yetk-division  takes 
place  as  usual,  and  converts  the  eggs  into  a  vesicular  morula, 

'AoatUmie  Imp^riale  dea  Scieacei  de  SL'P^terabourg," 


THE  DEVELOPMENT  OF  SAGITTA.  543 

with  a  large  cleavage  cavity,  or  blastocoele.  One  face  of  the 
vesicle  thus  constituted  now  becomes  invaginated,  with  the 
effect  of  gradually  obliterating  the  blastoccele,  and  converting 
the  spherical  single-walled  sac  into  a  hemispherical,  double- 
walled,  cup-shaped  gastrula.  The  cavity  of  the  cup  is  the 
futiure  digestive  cavity ;  the  layer  of  invaginated  blasto- 
dermic cells  which  lines  this  cavity  is  the  hypoblast,  which 
will  become  the  endoderni ;  and  the  outer  layer  of  cells  is 
the  epiblast,  and  will  become  the  ectoderm.  In  this  condi- 
tion the  embryo  resembles  that  of  the  Leech  in  its  early 
state.  The  embryo  elongates,  and  the  aperture  of  invagi- 
nation, or  blastopore,  eventually  ceases  to  be  discernible. 
Whether  it  becomes  the  anus,  or  whether  the  anal  aperture 
is  formed  anew,  is  not  certain.  The  nervous  ganglia  result 
from  the  modification  of  cells  of  the  ectoderm.  The  anterior 
end  of  the  primitive  alimentary  cavity,  or  archenteron,  is  at 
first  closed.  It  soon  sends  out  an  enlargement  on  each  side, 
so  that  the  archenteron  is  divided  into  a  central  and  two  lat- 
eral divisions.  The  central  division  opens  externally  and  an- 
teriorly by  the  development  of  the  oral  aperture  ;  and,  as  the 
body  elongates,  it  becomes  the  tubular  intestine.  The  lat- 
eral diverticula  at  first  communicate  with  it,  but  they  are 
eventually  shut  off,  and  constitute  the  right  and  left  perivis- 
ceral cavities,  their  walls  becoming  converted  into  the  cellu- 
lar and  muscular  lining  of  those  cavities.  It  results,  from  the 
mode  of  development  of  the  perivisceral  cavity  of  Sagiita, 
that  this  cavity,  like  the  perivisceral  cavity  of  the  Brachio- 
pods,  and  the  "  peritoneal "  cavity  of  the  Echinoderms,  is  an 
enterocoele,  comparable  to  that  of  the  Sydrozoa  and  Actino^ 
zoa  ;  but  which,  instead  of  remaining  in  communication  with 
the  alimentary  cavity,  is  shut  off  from  it,  its  wall  becoming 
the  mesoderm,  and  its  cavity  the  perivisceral  cavity.* 

Nothing  of  this  kind  is  known  to  occur  in  the  Turbellaria, 
Annelida,  Nematoidea,  or  Rotifera  ;  but  when  a  perivisceral 
cavity  exists  in  these  animals,  it  appears  always  to  result  from 

'  Kowalewsky's  account  of  the  development  of  S<ifiUta  has  been  confirmed 
by  Butschli,*  who  has  further  determmed  the  origm  of  the  reproductive  or- 
gans, which  arise  as  outgrowths  from  the  hypoblast ;  and  the  division  of  each 
primitive  enterocoele  into  two  sacs — one  for  the  head  and  another  for  the  body. 
It  appears  probable  that  the  latter  becomes  subdivided  by  a  transverse  parti- 
tion Detween  the  ovnry  and  testis.  Butschli  suggests  that  the  segmentation 
of  the  mesoblast,  which  forms  the  walls  of  the  enteroccele,  is  a  point  of  approxi- 
mation between  Sagitta  and  the  Annelids. 

*  ''  Zar  Entwickelonssa^eschichte  der  Saj^ilte.*^     {Zeitschrift  fur  toiss.  Zoologie, 
1878) 
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the  excavation  of  the,  at  first,  solid  mesoblast.  The  perivis*^ 
ceral  cavity  thus  developed  is  what  I  have  termed  a  schizocoele. 
But  whetlier  there  is  any  fundamental  difference  between  an 
enterocoele  and  a  sehizocoele  is  a  matter  for  further  inquiry.  I 
have  referred  above  (p.  485)  to  the  case  of  an  Ophiurid,  in 
which  the  hollow  diverticula  of  the  archenteron,  characteristic 
of  the  Echinoderms,  are  represented  by  solid  outgrowths  of 
the  hypoblast.  From  this  condition  there  would  appear  to  be 
an  easy  transition  to  that  presented  by  the  embryos  of  those 
Oligochceta  and  Hirudinea^  in  which,  though  the  mesoblast 
is  a  product  of  the  hypoblast,'  it  contains  no  continuation  of 
the  alimentary  cavity,  but  eventually  splits  into  a  visceral 
and  a  parietal  layer,  the  interval  between  which  is  the  peri- 
visceral cavity;  and  there  is  much  probability  in  Kowalew- 
sky's  suggestion  that  the  longitudinal  bands  (Keimstrei" 
fen)  in  which  the  mesoblast  makes  its  appearance  may  be 
homologous  with  the  diverticula  of  the  alimentary  cavity  of 
Sagitta. 

In  this  case,  the  sehizocoele  will  be  an  advance  upon  the 
enteroccele,  and  the  development  of  the  perivisceral  cavity 
in  Sagitta  may  represent  the  primitive  mode  of  development 
of  all  invertebrate  perivisceral  cavities.  On  the  other  hand, 
it  must  be  remembered  that  between  the  endoderm  and  the 
ectoderm,  in  the  disk  of  a  Medusa,  or  in  the  body  of  a  Cte- 
nophoran  or  Turbellarian,  there  is  a  gelatinous  mesoderm 
which  occupies  the  position  of  the  primitive  blastocoele. 
Now,  this  mesoderm  may  be,  and  probably  is,  a  product  of 
the  endoderm ;  but'  any  cavities  which  appear  in  it,  such,  for 
example,  as  the  water-vascular  canals  of  the  TurbellariOy  can 
have  nothing  to  do  with  an  enterocoele. 

Again,  in  the  Tunicata^  as  we  have  seen,  the  atrium  is  a 
kind  of  "  perivisceral  cavity,"  which  is  formed  either  by  an 
invagination  of  the  ectoderm,  in  which  case  it  may  be  termed 
an  epiccde  y  or  else  it  is  a  true  enterocoele.  Assuming  the 
former  alternative,  for  the  moment,  to  be  that  which  ought  to 
be  adopted,  what  is  called  a  "  perivisceral  cavity  "  may  be  one 
of  four  things : 

1.  A  cavity  within  the  mesoblast,  more  or  less  represent- 
ing the  primitive  hlastoccele. 

2.  A  diverticulum  of  the  digestive  cavity,  which  has  be- 
come shut  off  from  that  cavity  {enterocoele), 

3.  A  solid  outgrowth,  representing  such  a  diverticulum, 
in  which  the  cavity  appears  only  late  (modified  enterocoele  or 
sehizocoele). 
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4.  A  cavity  formed  by  invagination  of  the  ectcderm 
(epiccele). 

And  whether  any  given  perivisceral  cavity  belongs  to  one 
or  other  of  these  types  can  only  be  determined  by  working 
put  its  development. 

The  Nbmatoidea. — ^The  "Thread-worms"  have  elongated, 
rounded  bodies,  which  usually  taper  toward  one  or  both  ends; 
they  are  not  divided  into  segments,  and  they  are  devoid  of 
limbs,  though  they  may  occasionally  be  provided  with  seti- 
f  orm  spines  or  papillaB.  In  Desmoscolex^  the  papillae  and  setas 
acquire  an  almost  Annelidan  aspect,  and  the  annulation  of 
the  body  is  much  more  distinct  than  in  any  other  Nematoid 
Worm. 


Fig.  155.— Anguiaula  brevispinus.    (Aifter  Olane.) » 

I.  Male.  II.  Female.  III.  Female  genital  organs.  IV.  Seminal  corpnecles  in  dif- 
ferent stages  of  development. 

a,  (Esophagus ;  a',  chitinized  oral  capsule  ;  <?,  gastric,  and  rf,  rectal,  portion  of  the 
alimentary  canal.  A^  anus;  gg',  anterior  and  posterior  thickenings  wirh  their 
commissures  ;  G,  sexual  aperture  ;  F,  fatty-loolclng  gland  ;  r,  dilatation  of  the 
uterus,  serving  as  a  receptacuium  seminis ;  2?,  unicellular  cutaneous  glands  at  the 
anal  extremity ;  ly,  glandular  rnasi*,  with  its  excretory  duct  above  the  gizzard ; 
w,  ovarium ;  7",  testis  ;  3^  seminal  corpuscles, 

»  "  Ueber  einige  in  HumuB  lebende  Anguillulinen."    {ZeUachrift  fur  toiu, 
Zoologie,  xii.) 
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The  outorociost  layer  of  the  body  is  a  dense  chitinous 
cuticula,  usually  divisible  into  several  layers.  These  layers 
icay  be  fibrillated,  the  direction  of  the  fibrillation  being  dif- 
ferent in  the  successive  layers.  Cilia  are  found  neither  on  the 
surface,  nor  elsewhere,  at  any  period  of  life.  The  mouth  is 
situated  at  one  extremity  of  the  body,  the  anus  at,  or  near, 
the  other  end.  The  first  portion  of  the  alimentary  canal  is 
a  thick- walled  pharynx,  lined  by  a  continuation  of  the  chiti- 
nous layer  of  the  integument,  which  mav  be  raised  up  into 
ridges  or  tooth-like  prominences.  Transverse  fibres,  appar- 
ently  of  a  muscular  nature,  radiate  from  the  lining  of  the 
pharynx  through  its  thick  wall,  and  probably  serve  to  dilate 
its  cavity.  A  straight  and  simple  tubular  alimentary  canal, 
without  any  distinction  into  stomach  and  intestine,  extends 
through  the  axis  of  the  body,  a  narrow  oesophageal  portion 
usually  connecting  it  with  the  pharjmx. 

The  endoderm,  or  wall  of  the  alimentary  canal,  consists 
of  a  single  layer  of  cells,  disposed  in  few  or  many  longitu- 
dinal series  ;  and  lined,  both  internally  and  externally,  by  a 
cuticular  layer.  On  each  side,  the  intestine  is  fixed  through 
its  whole  length  to  the  "  lateral  area,"  to  be  described  below. 
The  cuticle,  which  lines  the  inner  faces  of  the  endodermal 
cells,  and  circumscribes  the  digestive  cavity,  appears,  on  verti- 
cal section,  to  be  divided  into  rods,  which  are  possibly  merely 
the  intervals  of  minute  vertical  pores.  In  some  cases,  muscu- 
lar fibres  invest  the  posterior  portion  of  the  intestine. 

Beneath  the  layers  of  the  chitinous  cuticle  there  is  a 
proper  integument,  or  ectoderm,  internal  to  which  again  is 
a  single  layer  of  longitudinally-disposed  muscles,  which  may 
or  may  not  be  divided  into  distinct  series  of  "  muscle-cells.'' 
The  space  between  these  and  the  outer  face  of  the  intestine 
is  occupied  by  a  spongy  or  fibrous  substance,  which  must 
probably  be  regarded  as  a  kind  of  connective  tissue.  The 
muscles  and  this  tissue,  taken  together,  constitute  the  meso- 
derm. 

In  the  typical  Nematoidea^  the  muscular  layer  does  not 
form  a  complete  investment  of  the  body,  but  is  interrupted 
along  four  equidistant  longitudinal  lines.  One  of  them  is 
termed  dorsal,  the  opposite  ventral,  and  both  these  are  very 
narrow.  The  other  two  are  much  broader,  and  are  termed 
the  lateral  areas.  They  often  (Fig.  156)  present  two  or  more 
series  of  conspicuous  nuclei,  and  each  is  traversed  by  a  canal 
with  well-defined  contractile  walls  and  clear  contents.  Op- 
posite the  junction  of  the  oesophageal  with  the  gastric  por- 
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tion  of  the  alimentary  canal,  each  of  these  lateral  canals  passes 
inward  and  toward  the  mid-ventral  line,  and,  joining  with  its 
fellow,  opens  by  a  pore  on  the  exterior.  In  some  oases,  con- 
tinuations of  the  lateral  canals  extend  forward  into  the  head. 
A  ring  of  fibres  and  nerve-cells  surrounds  the  gullet,  abaul 


Fio.  IBB.— Oavtirit.— o.  month;  6,  pharyni ;  c,  tnmmencement  of  Intestine,  «nd  d, 
lla  term  Leal  ion.  The  intetmedUtiprirtlon  Lb  not  Beured,  i,  geDllal  Bpertnre;/ 
opening  or  yeaBele  ;  g,  tbelr  recepljicle ;  4,  one  iif  Ihe  veBfele  ;  i,  cellnlsr  matlet 
enrelopliig  Ibem.  A  portion  of  one  ufthe  iwnlractlLe  vexeels  is  leprepented  more 
lilijbl}  magulflEd  In  the  npper  Sgnte. 

the  level  of  the  opening  of  the  water-vascular  system,  and 
gives  olf  filaments  forward  to  tlie  bead,  and  backward  to  the 
muscles  and  to  the  lateral  area  ;  while  two  coids  pass  back, 
along  the  dorsal  and  ventral  median  lines,  to  the  hinder  end 
of  the  body.  In  the  males  of  some  species,  nervous  ganglia 
have  been  observed  in  the  neighborhood  of  the  sac  of  the 
spicula.'  Organs  of  sense  are  not  certainly  known  to  exist, 
unless  the  pigmented  spots  on  the  nervous  ring  of  some  free 
Nematoids  have  this  charact«^r. 

The  Nematoidea  are  for  the  most  part  diceoious.  In  the 
females,  the  reproductive  a[)erture  is  usually  placed  toward 
the  centre  of  the  body;  in  the  males,  it  is  always  situated  at 
or  near  the  posterior  extremity. 

The  female  apparatus  (Fig.  155,  ITI.)  consists  of' a  vagina, 
with  which  is  connected  a  single,  or  double,  elongated,  tubu- 
lar, organ,  which  tapers  to  a  point  at  its  blind  extremity,  and 
is  at  once  ovarium,  oviduct,  and  uterus.     The  csecal  end  is 

'  The  question  of  the  structure  and.  dUposition  of  the  nervous  sj-eteni  in  the 
Nematoidea  Ik,  perbspe,  not  even  yet  coniplelelv  decided ;  but  there  is  much 
evidence  in  favor  of  what  ia  here  stated.  I^te  "heuekart,  '-  Die  menschlicben 
Paraaiten;"  the  monograph  of  Schneider,  cited  Ijelow;  and  espeoiailj'  Buteohli, 
"  Beitrfigc  zur  Kenntnias  dea  Nervensyaleina  der  Nematoden  "  ("  Archiv  Ittr 
Mikr.  Acatomie,"  ISTB). 
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occupied  by  a  nucleated  protoplasmic  mass.  Further  on,  this 
mass  becomes  differentiated  into  an  azile  cord  of  protoplasmic 
substance — the  rhachis — and  peripheral  masses,  each  contain- 
ing a  nucleus  and  connected  by  a  stalk  with  the  rhachis^ 
which  are  the  developing  ova.  Still  further  on,  in  the  ovi- 
ducal  portion  of  the  tube,  the  ova  become  free  ;  while,  in*  the 
uterine  portion,  they  are  impregnated,  and  acquire  a  hard, 
often  ornamented,  shell. 

The  testis  is,  generally,  a  single  caecal  tube,  in  the  blind 
end  of  which  cells  are  developed,  much  in  the  same  way  as  in 
the  ovary :  they  become  free  in  that  part  of  the  tube  which 
plays  the  part  of  a  vas  deferens.  Contrary  to  what  happens 
in  most  animals,  these  spermatozoa  retain  the  character  of 
cells,  and  may  even  exhibit  amoeboid  movements.  The  defer- 
ential end  of  the  testicular  tube  opens  into  a  sac  close  to  the 
anus,  from  the  dorsal  wall  of  which  one  or  two  curved  cbiti- 
nous  spicula  are  developed.  These  are  introduced  into  the 
vulva  of  the  female  when  copulation  takes  place,  and  appear 
to  distend  it,  in  order  to  allow  of  the  free  passage  of  the  sem- 
inal corpuscles  into  the  vagina,  and  thence  into  the  uterus. 
In  the  female  organs,  the  seminal  cells  undergo  further 
changes,  and  eventually  enter  into,  and  coalesce  with,  the 
substance  of  the  ova. 

Yelk-division  follows  impregnation.  The  oval  morula  be- 
comes indented  on  one  side,  and  the  embryo,  as  it  grows, 
folds  itself  in  accordance  with  this  indentation.  In  most,  it 
would  appear  that  the  central  cells  of  the  solid  morula  are 
differentiated  from  the  rest  to  form  the  endoderm,  which  thus 
arises  by  delamination.  But  Butschli  *  has  recently  shown 
that  the  morula,  which  results  from  the  division  of  the  vitellus 
of  Cucullanus  elegans^  has  the  form  of  a  flattened  plate,  com- 
posed of  two  layers  of  blastomeres,  the  blastocoele  being  re- 
duced to  a  mere  fissure.  The  lamellar  blastoderm  next  be- 
comes concave  on  one  side,  convex  on  the  other,  and  passes 
into  the  gastrula  form.  The  blastopore,  at  first  very  wide, 
gradually  narrows,  and  appears  to  be  converted  into  the  oral 
opening  of  the  worm.  The  mesoblast  takes  its  origin  from 
certain  cells  of  the  hypoblast,  which  lie  close  to  the  mouth, 
and  grow  thence  toward  the  caudal  extremity.  The  resem- 
blance of  this  developmental  process  to  that  of  I/umhricuB  is 
obvious. 

»  "  Zur  EntwickelunarsoreBcbidite  des  Cucullanus  deganB.'*^  (Zeiitrhrift  fur 
wis8,  ZoologiSy  1876.)  Hjillez  (^^  Revue  des  Sciences  Naturelles,'*  1877)  Has'ob- 
served  a  similar  process  in  AnguUlitla  aceti,  but  he  denies  that  the  blastopore 
becomes  the  mouth. 
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The  female  reproductive  apparatus  is,  at  first,  represented 
by  a  solid  cellular  body  which  lies  in  the  mesoderm ;  though 
whether  it  originally  belongs  to  this,  or  to  the  ectoderm,  or 
to  the  endoderm,  is  not  clear.  The  cellular  body  acquires  a 
tubular  form,  and  eventually  opens  externally  by  uniting 
with  an  inward  process  of  the  ectoderm,  which  gives  rise  to 
the  vagina. 

The  young  cast  their  cuticle  twice — first,  when  they  leave 
the  eggy  and,  again,  when  they  acquire  their  sexual  organs. 

The  Neniatoidea  have  been  divided  into  three  principal 
groups  * — Polymyaria^  Meromyariay  and  Holorayaria — chai> 
acterized  by  the  nature  of  their  muscular  system. 

In  the  Polymyariay  the  muscles  of  the  parietes  of  the 
body  are  divided  into  many  series,  each  made  up  of  many 
"muscle-cells."  In  the  Meromyaria  there  are  only  eight 
longitudinal  series  of  such  muscle-cells,  two  between  each 
lateral  area  and  the  dorsal  and  ventral  lines  respectively.  In 
the  Holomyaria  the  muscles  are  not  divided  into  series  of 
muscle-cells. 

The  first  two  divisions  contain  only  such  genera  as  an- 
swer to  the  general  description  just  given ;  but,  in  the  Solo- 
myariay  there  are  included  several  aberrant  forms.  Thus, 
THchocepficUus  has  no  lateral  areas;  Ichthyonema  has  no 
anus ;  Mermia  has  no  anus,  and  the  alimentary  canal  is  rudi- 
mentary, though  it  possesses  the  lateral  areas,  and  the  males 
have  spicula.  GrordiuB  has  no  lateral  areas,  and  only  the 
ventral  line  ;  the  alimentary  canal  is  reduced  to  a  rudiment, 
without  either  oral  or  anal  aperture,  and  the  male  has  no 
spicula.  In  both  these  genera  the  anterior  ends  of  the  em- 
bryos are  provided  with  spines,  which  aid  them  to  bore  their 
way  into  the  bodies  of  the  insects  on  which  they  are  para- 
sitic. In  Sphcerularia  the  alimentary  canal  is  similarly  rudi- 
mentary, and  Sir  John  liubbock  discovered  that  the  small 
male  becomes  permanently  adherent  to  the  female. 

Some  Nematoidea  (e.  g.,  Leptodera^  Pelodera)  live  in 
water  or  damp  earth,  and  are  never  actually  parasitic;  but 
they  require  abundant  nitrogenous  food  in  order  to  develop 
their  sexual  organs,  and  hence  they  are  found  in  the  sexual 

»  Schneider,  "  Monofi^phie  der  Nematoden,"  1866.  See  also  Bastian, 
"Monograph  of  the  Anguillulidfie "  (" Trans.  Linnaean  Societv,"  1865);  and, 
**  On  the  Anatomy  and  Physiolojry  of  the  Nematoids  "  (''  Phil.  Trans.,"  1866) ; 
and  several  memoirs  by  Butschli.  The  latter  aliirms  that  the  muscles  are  as 
much  made  up  of  muscle-cells  in  the  Holomyaria^  as  in  the  rest.  ("  Giebt  es 
Holomyarier  ?  "    ZeUschtift  fvr  wise,  Zoologie^  1873.) 
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state  only  among  putrefying  vegetable  or  animal  matter&. 
The  sexless  worms,  which  live  in  moist  earth,  are  at  once  at- 
tracted hy  nutriment,  such  as  a  few  drops  of  milk.*  Here 
they  multiply  with  great  rapidity  as  long  as  the  store  of  food 
lasts ;  but,  when  it  is  exhausted,  the  last-batched  young- 
wander  away.  In  the  course  of  their  wanderings,  the  em- 
bryos enter  into  their  larval  condition  ;  but,  before  doing  so, 
they  become  twice  as  large  as  those  which  attain  the  larval 
state  in  putrefj'ing  substances.  The  embryonic  cuticle  be- 
comes thickened,  and  its  oral  and  anal  apertures  closed,  so 
that  it  forms  a  cyst  for  the  larva.  The  larva,  however,  is  not 
restrained  by  this  cyst  from  moving  about  and  continuing  its 
wanderings,  though,  at  length,  it  passes  into  a  quiescent  con- 
dition. Its  inner  substance,  at  the  same  time,  becomes  dark 
by  transmitted  light,  in  consequence  of  the  accumulation  of 
small  fatty  granules  ;  and,  if  this  state  of  things  lasts  long, 
the  larva  dies.  If  the  larvae  should  dry  up,  the  circumstance 
tends  to  their  preservation.  The  embryonic  cuticle  is  sepa- 
rated, and  forms  a  protective  cyst  ;  and,  when  moistened,  the 
larvae  resume  their  vital  activity. 

Nematoid  worms  belonging  to  naturally  free  and  nonpara- 
sitic genera  may  enter,  and  become  encysted  in,  worms  and 
slugs  ;  but  they  only  attain  their  sexual  state  when  their 
host  dies,  and  they  are  nourished  by  the  products  of  its  putre- 
faction. 

AnguiUulascandens,  the  Nematoid  which  infests  and  gives 
rise  to  a  diseased  condition  of  the  ears  of  wheat,  is  a  true 
parasite.  The  young  are  hatched  from  the  eggs  laid  by  the 
parent  in  the  infected  ear,  and  there  become  encysted.  When 
the  wheat  dies  down,  the  larvae  are  set  free,  and  wander  on 
the  moist  earth,  until  they  meet  with  young  wheat  plants,  up 
which  they  creep,  and  lodge  themselves  in  the  developing 
ears.  Here  they  acquire  the  sexual  condition,  nourishing 
themselves  at  the  expense  of  the  inflorescence,  which  becomes 
modified  into  a  kind  of  gall. 

Most  Nematoids  found  in  the  alimentary  canal  of  animals 
are  parasitic  in  the  sexual  state,  but  have  a  longer  or  shorter 
period  of  freedom  as  larvae  or  as  eggs.  But  some,  as  Cucul- 
latius  elegans^  are  parasitic  both  in  the  sexless  and  the  sexual 
condition ;  inhabiting  Cyclops^  while  in  the  former  state,  and 
sundry  fresh- water  fishes,  particularly  the  Perch,  in  the  latter. 

Trichina  spiralis  *  acquires  its  sexual  state  in  the  alimen- 

»  Schneider,  I.  r.,  pp.  36^-' 3. 

»  Leuckartf  *'  Untereuchungen  fiber  Trichina  spiralis^^^  1860. 


THE  NEMATOIDEA.  551 

tary  canal  of  Man,  of  the  Pig,  and  other  mammals  ;  but  the 
young,  set  free  in  the  alimentary  canal,  bore  tlieir  way  through 
its  walls,  and  enter  the  fibres  of  the  voluntary  muscles,  in 
which  they  become  encysted  in  the  sexless  state.  If  the  flesh 
thus  trichinized  be  eaten,  the  TrichincB  are  set  free,  acquire 
their  sexual  state  in  the  alimentary  canal,  and  the  thousands 
of  embryos  which  are  developed  immediately  bore  their  way 
into  the  extra-alimentary  tissues  of  their  host. 

The  insect  parasites,  Gordius  and  Mermis^  are  sexless 
so  long  as  they  are  parasitic  ;  but,  when  they  have  attained 
their  full  growth,  they  leave  the  body  of  their  host,  acquire 
sexual  organs,  copulate,  and  lay  eggs.  From  these,  embryos 
proceed,  which  bore  their  way  into  the  bodies  of  insects. 

It  has  been  stated  that  the  Nemaioidea  are,  for  the  most 
part,  dioecious.  Schneider  has,  however,  discovered  certain 
species  of  the  nonparasitic  genera,  Leptodera  and  Peloderay 
which  always  have  the  external  appearance  of  females,  but  in 
the  ovarian  tubes  of  which  spermatozoa  are  developed,  and 
impregnation  takes  place.  This  was  placed  beyond  doubt  by 
isolating  embryos  of  these  Nematoids,  and  tracing  out  the 
development  of  the  spermatozoa,  which  result  from  the  sub- 
division of  the  first  cells  developed  from  the  rhachis.  After 
a  time,  the  development  of  spermatozoa  ceases,  and  the  cells 
separated  from  the  rhachis  become  ova,  which  are  impregnated 
by  the  already  formed  spermatozoa.  These  "Nematoidea  are 
probably  the  most  complete  and  necessary  hermaphrodites 
known  in  the  animal  kingdom. 

Ascaris  nigrovenosa  is  parasitic  in  the  lungs  of  Frogs  and 
Toads,  and  attains  a  length  of  three-quarters  of  an  inch.  It 
has  the  characters  of  a  female,  and  no  male  has  ever  been  met 
with,  but  spermatozoa  are  developed  in  the  ovaries  in  the  same 
manner  as  in  the  preceding  forms. 

The  eggs  of  this  Ascaris  are  discharged,  and  the  embryos 
find  their  way  into  the  intestines  of  the  Amphibian  in  which 
they  are  parasitic.  Here  they  become  males  and  females 
which  are  very  much  smaller  than  the  hermaphrodite  form 
(not  exceeding  one-twentieth  of  an  inch  in  length),  and  other- 
wise diflferent  from  it.  They  are  evacuated  with  the  faeces  of 
the  frog,  and  passing  into  damp  earth  or  mud,  the  females 
give  rise  to  a  few  eggs.  Embryos  are  developed  from  these 
eggs  within  the  body  of  the  mother,  the  organs  of  which  they 
destroy,  until  her  cuticle  forms  a  mere  case  for  them.  The 
free  embryos,  introduced  into  the  Frog's  mouth,  pass  into  the 
lungs,  and  take  on  the  characters  of  the  large  hermaphrodite 
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forms.  It  is  not  unlikely  that  the  Guinea  worm  (Filaria 
fnedinerms)y  which  infests  the  integument  of  Man  in  hot  cli- 
mates, may  answer  to  the  hermaphrodite  stage  of  a  similarly 
dimorphous  Nematoid,  though  its  multiplication  has  hitherto 
been  supposed  to  take  place  agamogenetically. 

The  many  points  of  resemblance  between  the  Nematoi- 
deUy  the  Oligochmtay  and  the  Polych(jeta^  have  been  indicated 
by  Schneider.  They  differ,  however,  from  these  no  less  than 
from  the  Turhellaria  and  JRotifera^  in  possessing  only  longi- 
tudinal parietal  muscles.  In  this  respect  they  agree  with 
Mhamphogordius  and  Polygordius  (united  by  Schneider  into 
the  group  of  Gymnotoma)^  which  are  segmented  worms, 
devoid  of  setae,  but  possessing  mesenteries,  segmental  organs, 
and  pseud-hsemal  vessels.  Polygordius  has  a  telotrochous 
larva,  and  in  its  development,  as  in  other  respects,  it  is  ex- 
traordinarily like  a  polychaetous  Annelid. 

Butschli,'  on  the  other  hand,  dwells  upon  the  connection 
between  the  Nematoidea  and  the  Gasterotricha  {see  Chap. 
IV.,  p.  170)  and  Atricha  {Echinoderes)^  which  he  includes  in 
the  group  of  Nematorhyncha^  on  the  one  side,  and  the  lower 
Arthropods,  such  as  the  Tardigrada^  on  the  other. 

The  Physemaria. — Since  the  completion  of  the  third 
chapter  of  this  work,  Haeckel  *  has  published  an  account  of 
certain  low  Metazoa^  constituting  the  two  genera,  HaHphy- 
sema  and  Gastrophysema^  which  had  previously  been  con- 
founded, partly  with  the  Sponges  and  partly  with  the  JFVo- 
tozoa. 

These  are  minute  marine  bodies,  having  the  form  of  cups 
with  longer  or  shorter  stalks,  bv  which  they  are  attached. 
The  cavity  of  the  cup  into  which  the  wide  or  narrow  oral 
opening  leads  is  either  simple  (Haliphysema)  or  divided  by 
circular  constrictions  into  two  or  more  communicating  cham- 
bers ( Gastrophysema).  The  wall  is  composed  of  two  layers, 
an  ectoderm  and  an  endoderm — the  latter  being  formed  by  a 
single  layer  of  flagellate  cells,  like  those  of  sponges  ;  and  a 
series  of  larger  flagellate  cells  are  disposed  in  a  spiral,  on  the 
inner  face  of  the  endoderm  near  the  mouth.  The  ectoderm 
is  a  syncytium,  which  attaches  foreign  bodies,  such  as  sponge 

>  See  supra,  p.  165,  note. 

a  "  Untereuchunsren  fiber  freilebende  Nematoden  und  die  Gattung  C'hatO' 
notus.^^  (Zeitschrifi  fur  tfnss.  Zoologie,''^  1876.)  8ee  also  Ludwig,  "  Ueber 
die  Ordnung  Gastrotricha"  (ibid.). 

«  "  Biologische  Studien,"  Heft  2,  1877. 
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spicula  or  skeletons  of  Foraminifera^  to  itself,  and  thus  be- 
comes provided  with  an  adventitious  skeleton,  the  nature  of 
which  varies  in  different  species,  but  is  constant  for  each. 
Reproduction  is  effected  by  ova,  which  are  said  to  be  modi- 
fied cells  of  the  endoderm.  In  Gdstrophysema^  the  endo- 
derm  of  the  innermost  chamber  alone  gives  rise  to  ova.  The 
place  of  development  of  the  spermatozoa  has  not  been  made 
out. 

Yelk-division  is  complete  and  regular,  and  gives  rise  to  a 
vesicula  morula  {archiblastula  of  Haeckel),  each  cell  of  which 
is  provided  with  a  flagellate  cilium.  A  gastrula  arises  by  in- 
vagination, but  the  final  stages  of  development  have  not 
been  made  out. 

As  Haeckel  points  out,  the  Physemaria  are  obviously  re- 
lated, on  the  one  hand  to  the  Porifera^  and  on  the  other  to 
the  (Jcelenterata ;  in  fact,  they  very  nearly  represent  the 
morphological  common  plan  of  which  these  two  groups  are 
modifications. 

The  Acanthocephala. — In  their  sexual  state  the  para- 
sites which  constitute  the  genus  Echinorhynchvs  inhabit  the 
various  classes  of  the  Vertehrata^  while  they  are  found  in 
the  Invertebrata  only  in  a  sexless  condition. 

The  JEchinorhynchus  of  the  Flounder  (Fig.  157),  the 
structure  of  which  may  serve  as  an  illustration  of  that  of  the 
group,  inhabits  the  rectum  of  that  fish,  which  it  pierces  in 
such  a  manner  that  the  anterior  extremity  or  head  projects, 
inclosed  within  a  cyst,  upon  the  peritoneal  surface,  while  the 
body  hangs  freely  into  the  cavity  of  the  intestine.  Where 
the  worm  traverses  the  wall  of  the  rectum  it  presents  a 
much  constricted  neck  (Fig.  157,/*).  It  would  appear  that, 
eventually,  the  Echinorhynchi  completely  pass  out  of  the 
intestine,  as  they  are  found  inclosed  in  detached  c^sts  lying 
in  the  peritoneal  cavity.  The  anterior  extremity  of  the  JSchi- 
norhynchus  is  produced  into  a  short  cylindrical  proboscis, 
covered  with  many  rows  of  recurved  hooks,  and,  behind  this, 
it  forms  a  dilatation,  in  which  the  integument  and  the  mus- 
cular coat  are  separated  by  a  considerable  interval.  The 
body,  behind  the  constricted  neck,  which  separates  it  from 
this  anterior  dilatation,  has  a  thick,  yellowish  outer  wall, 
between  which  and  the  inner  muscular  tunic  lies  a  system  of 
vessels,  consisting  of  two  longitudinal  trunks,  connected  by 
a  network  of  anastomosing  canals. 

These  canals  do  not  appear  to  possess  distinct  walls,  nor 
24 
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Are  any  cilia  visible  in  them  ;  but  the  minute  molecules  which 
float  in  the  clear  fluid  which  they  contain  are  driven  to  &nd 
fro,  apparently  by  the  contraction  of  the  body.     Inferiorly, 


Pio.  ISJ.—BMnorAjfnehui.—A.  Dtairam  eihlblllng  Ihn  telailve  pngjilaii  of  the  or- 
gaae;  a,  probusclF  ;  b,  lie  «iem  :  c,  acterliir  enlargeiueDt  ar  Uie  body  ;/.  uerk  or 
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the  vessels  all  terminate  in  blind  canals,  disposed  around  the 
margin  of  the  positerior  funnel.  Internal  to  the  vessel  liee  a 
double  layer  of  anastomosing  muscular  fibrils,  the  external  of 
which  are  circular,  while  the  internal  are  longitudinal.'  The 
cavity  of  the  body  is  filled  with  a  fluid,  in  which  the  ova,  or 
spermatozoa,  float,  and,  at  its  anterior  extremity,  two  elon- 
gated oval  bodies  depend  from  the  parietes,  and  hang  freely  in 
it.  These  are  the  lemnisci ;  they  are  traversed  by  vessels 
continuous  with  those  of  the  parietes.  The  axis  of  the  pro- 
boscis is  continued  downward  into  an  elongated  aubcylindrical 
stem,  rounded  below,  which  hangs  down  like  a  handle  into 
the  cavity  of  the  body.  The  extremity  of  the  stem  is  con- 
nected by  broad  retractor   muscles   with   the  parietes,  and 
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gives  attachment  to  the  suspensory  ligament  of  the  repro- 
ductive apparatus  (^%«  l^*^?  S)«  '^^o  other  bands  are  at- 
tached a  little  above  these,  and  run  obliquely  forward  to  the 
parietes  ;  they  are  not  mere  muscles,  as  they  are  ordinarily 
described,  but  contain  a  wide  vessel,  continuous  with  a  large 
sinus,  which  separates  the  axile  portion  of  the  stem  of  the 
proboscis  from  its  investing  coat.  In  the  axis  of  the  stem  of 
the  proboscis  is  the  oval  ganglion,  which  sends  off  some  small 
branches  upward,  and  two  larger  lateral  trunks,  which  can 
be,  followed  into  the  vessels  of  the  oblique  bands;  and,  in 
other  species,  have  been  traced  to  the  walls  of  the  body  and 
to  the  genital  openings.  Two  ganglia  have  been  found  by 
Schneider  in  this  resrion  in  the  males. 

There  is  no  mouth  or  alimentary  canal  in  Echinorhynchua^ 
the  animal  being  probably  nourished  by  imbibition  through 
the  walls  of  the  body.  The  reproductive  organs  are,  both  in 
the  male  and  in  the  female,  attached  by  a  suspensory  liga- 
ment to  the  extremity  of  the  proboscis,  and  extend  thence, 
through  the  axis  of  the  body,  to  the  posterior  extremitj*. 
Here  they  open  in  a  papilla  at  the  bottom  of  a  funnel-shaped 
terminal  dilatation  of  the  body,  which  exists  both  in  the  male 
and  in  the  female,  though  it  is  much  more  marked,  and  sepa- 
rated by  a  constrict  3d  neck  from  the  body,  in  the  former. 
On  each  side  of  the  papilla  is  an  organ  which  has  much  the 
appearance  of  a  sucker,  but  which  is  apparently  noncontrac- 
tiJe,  while  the  funnel  itself  undergoes  constant  and  rhythmi- 
cal contractions. 

In  the  male  the  testes  are  two  oval  sacs,  one  behind  the 
other,  connected  by  vasa  deferentia,  often  provided  with  pe- 
culiar accessory  glands,  with  the  genital  outlet,  which  is  pro- 
vided with  a  long  penis.  In  the  female  the  ovary  is  a  single, 
long,  thin-Wcilled,  cylindrical  tube,  the  anterior  end  of  which 
is  usually  empty  for  a  short  distance.  Further  back,  clear, 
pale,  roundad  masses  appear,  containing  cavities  in  which  cor- 
puscles, like  the  germinal  spots  of  ova,  lie.  More  posteriorly 
still,  these  masses  become  elliptical,  and  are  surrounded  by  a 
membranous  coat,  which  gradually  thickens,  and  gives  rise  at 
each  end  to  a  spiral  filament  which  surrounds  the  inclosed 
egg.  The  ova  thus  constituted  then  pass  into  the  cavity  of 
thp  body,  where  they  accumulate  in  great  numbers ;  but,  in 
this  species,  I  have  not  found  the  free  floating  ovarian  masses 
described  in  other  Eehinorhynchi,  From  the  lower  end  of 
the  ovarium  two  short  oviducts,  or  rather  spermiducts,  arise, 
and  almost  immediately  unite  into  a  sort  of  uterus,  which  is 
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contiDued  into  the  vagina  (Fig.  157,  C).  The  uterus  passes 
above  into  a  short,  open,  funnel-shaped  canal,  which  lies  be- 
tween the  two  oviducts  (Fig.  157,  0  c),  and,  according  to  Von 
Siebold,  takes  in  the  ova  from  the  perivisceral  cavity  by  a  pe- 
culiar swallowing  action. 

The  embryos  of  the  different  species  of  Echinorhynchi 
vary  somewhat  in  structure.  Von  Siebold  has  described  those 
of  E.  gigaSj  which  are  provided  with  hooks  disposed  like  those 
of  the  Gestoidea,  but  only  four  in  number.  Sexless  Echino- 
rhynchi have  been  found  in  Cyclops  and  in  the  muscles  of 
fishes.  Leuckart  states  that  they  acquire  sexual  organs  in 
the  alimentary  canal  of  Gadus  lota.  The  same  excellent  ob- 
server has  succeeded  in  tracing  the  development  of  Echino- 
rhynchus  proteus^  a  common  parasite  of  many  river  fishes,  es- 
pecially the  Perch.*  What  appeared  to  be  the  sexless  con- 
dition of  the  same  Echinorhynchus  had  previously  been  seen 
by  Leuckart  in  Oammarua  pulex.  Into  water  containing 
specimens  of  this  Crustacean,  ova  from  JE  jt>ro^6t«  were  trans- 
ferred. After  a  few  days  these  ova  could  easily  be  detected 
in  the  digestive  tube  of  the  GammaruSy  while  numerous  em- 
bryos, escaped  from  the  egg-shell,  were  found  within  the  ap- 
pendages of  the  Crustacean. 

Each  ovum  has  two  coats — an  outer,  albuminous,  and  an 
inner,  chitinous.  The  first  is  digested  in  its  progress  through 
the  alimentary  canal ;  the  second  is  afterward  ruptured  by 
the  embryo,  which  bores  through  the  intestinal  walls  into  the 
cavity  of  the  body,  and  is  thence  convej'ed  to  the  site  proper 
for  its  development. 

The  body  of  the  embryo  is  somewhat  fusiform  in  shape, 
and  consists  of  a  colorless,  transparent  parenchyma,  protected 
by  a  cuticle.  The  parenchyma  may  be  resolved  into  an  outer, 
homogeneous,  contractile  layer,  and  a  semi-fluid  medullary 
substance.  Within  this  is  lodged  an  ovoid,  central  mass, 
made  up  of  large,  highly-refracting  granules.  Isolated  gran- 
ules of  the  same  kind  may  also  be  found  scattered  throughout 
the  soft  medullary  substance.  At  its  posterior  end  the  em- 
bryo tapers  to  a  point,  while  its  opposite  extremity  is  obliquely 
truncated  toward  the  ventral  aspect.  On  this  oblique  surface 
may  be  observed  two  series  of  straight  spines,  five  (rarely  six) 

»  "  Ueber  Echinorhynchus  "  ("  GOttinger  Nachrichten,"  1862).  Results  of 
ftirther  investigations  and  a  history  of  the  subject  are  contained  in  Leuckart's 
"  Programm,"  "  De  statu  et  erabryonali  etlarvaJi  Echinorhynchorum  eorumque 
metamorphosi/'  1873;  and,  further,  in  the  concluding  part  of "  Die  mensoh- 
liohen  Parasiten,"  1876,  which  has  reached  me  too  late  for  use  in  this  place. 
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in  each.  The  two  series  meet  near  the  middle  line  to  form 
an  arch,  the  central  and  largest  spine  constituting  its  summit. 
Two  short,  ridge-like  elevations  of  the  cuticle,  close  to  the 
middle  line,  separate  the  spines  on  either  side  from  one  an- 
other. Behind,  the  peripheral  layer  gives  rise  to  a  knob-like 
process. 

At  the  end  of  fourteen  days,  the  embryo  is  found  to  have 
increased  much  in  size,  but  presents  few  changes  of  form. 
The  anterior  extremity  displays  two  rounded  elevations,  the 
spines  retaining  their  original  position.  The  peripheral  layer 
has  become  thicker  and  more  distinct ;  its  knob-like  process 
has  by  this  time  disappeared.  The  central  mass,  now  much 
larger,  has  assumed  a  spherical  figure.  No  longer  granular, 
it  is  seen  to  be  composed  of  numerous  pale  cells,  which  con- 
tinue rapidly  to  increase. 

During  the  third  week,  numbers  of  large  yellow  granules 
begin  to  appear  within  the  outer  layer  of  the  embryo.  No 
other  changes,  save  those  of  growth,  take  place  in  its  walls  : 
but  the  central  mass,  still  continuing  to  enlarge,  gradually 
puts  on  the  aspect  of  a  young  Echinorhynchus,  This  mode 
of  development  has  been  compared  by  Leuckart  to  that  of 
certain  Ecliinoderms,  or  to  the  production  of  the  Nemertid 
larva  within  its  pilidium. 

The  first  part  to  become  differentiated  is  the  cavity  of  the 
future  proboscis,  which  appears  as  a  transparent  lenticular 
vesicle  at  the  anterior  end  of  the  spherical  mass.  Behind  this 
are  soon  seen  rudiments  of  the  central  axis  and  its  contained 
ganglion  ;  and  the  suspensorial  ligament,  with  the  reproduc- 
tive organs,  are,  at  the  same  time,  marked  out.  The  muscles 
of  the  outer  wall  have  also  commenced  their  development. 
Next,  the  central  region  of  the  young  Eehinorhynchus  rapid- 
ly elongates ;  its  walls  become  thinner,  and,  separating  from 
the  included  structures,  show  the  first  trace  of  the  visceral 
cavity.  About  this  time  distinctions  of  sex  first  make  them- 
selves evident.  The  posterior  end  of  the  body  undergoes  a 
disproportionate  increase  of  size,  the  muscles  become  more 
distinct,  and  the  rudimentary  generative  organs  are  clearly 
manifest.  At  length  the  young  Echinorhynchus  occupies 
almost  the  whole  interior  of  the  embryo,  the  walls  of  which 
have,  meanwhile,  undergone  but  slight  histological  change. 
The  spines,  however,  have  disappeared,  together,  it  would 
seem,  with  the  cuticle  to  which  they  were  attached.  No  rup- 
ture of  the  other  embryonic  structures  takes  place,  but  they 
gradually  attach  themselves  to  the  body  of  the  contained 
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Echinorhynchiba^  becoming  closely  fitted  to  its  surface,  and 
apparently  persisting  'throughout  its  entire  life.  The  devel- 
opment of  the  EchinorhynchuB  now  approacheid  completion. 
The  lemnisci  appear.  Hooks  arise  on  the  surface  of  the  pro- 
boscis,  not,  as  might  be  supposed,  from  its  outer  cuticle,  but 
from  specially  modified  cells  of  an  inner  membrkne^  The  in- 
ternal organs  begin  to  assume  their  final  aspect.  The  ex- 
ternal form  of  the  adult  organism  is  rather  slowly  reached,, 
and  a  few  changes  which  take  place  after  transference  of  the 
JSchinorhynchtts  to  its  final  host  have  yet  to  be  observed. 

The  Acanthocephala  undoubtedly  present  0ertain  resem- 
blances to  the  Nematoidea^  and  more  particularly  to  the  Got" 
diacea,  but  the  fundamental  differences  in  th^  structure  of 
the  muscular  and  nervous  system,  and  in  that  of  the  repro- 
ductive organs,  are  so  great,  that  it  is  impossible  to  regard 
them  as  Nematoids  which  have  undergone  a  retrogressive 
metamorphosis.  In  their  case,  as  in  that  of  the  Cestoided 
and  that  of  the  Dicyemida^  it  is,  I  think,  desirable  to  keep 
one's  mind  open  to  the  possibility  that  anenterous  parasites 
are  not  necessarily  modifications  of  free,  enterate  ancestors. 

The  Dicyemida. — In  1830,  Krohn  discovered  certain  cili- 
ated filiform  parasites  in  the  renal  organs  of  Cephalopods, 
to  which  KoUiker  subsequently  gave  the  nan^e  of  Dicyema, 
Recently,  these  strange  organisms  have  been  made  the  subject 
of  renewed  investigation  by  E.  van  Beneden,  from  whose 
elaborate  memoir  ^  I  take  the  following  account  of  their 
structure : 

The  body  of  a  Dicyema  (Fig.  158, 1.)  consists  df  one  large, 
cylindrical,  or  more  or  less  fusiform,  axicd  ceU,  which  extends 
from  the  slightly-enlarged  head-end,  by  which  the  animal  is 
attached,  to  its  posterior  extremity,  and  is  invested  by  a 
single  layer  of  relatively  small  flattened  cortical  ceils.  These 
are  arranged,  like  a  pavement  epithelium,  around  the  axial 
cell,  their  edges  being  juxtaposed ;  they  are  nucleated,  and 
their  free  surfaces  are  ciliated.  There  is  no  interspace  be- 
tween the  cortical  cells  and  the  axial  cell,  and  the  organism 
is  a  simple  cell-aggregate,  devoid  of  connective,  muscular,  or 
nervous  tissues. 

The  cortical  cells  which  invest  the  anterior  or  head-end 
of  the  Dicyema  have  peculiar  characters,  and  at'e  distin- 
guished as   the  polar  cells.     They  are  arranged  In  such  a 

»  "  Recherches  sur  les  Dicyemides."    ("  Bulletin  de  1' Acad.  Royale  de  Bel- 
gique,"  1876.) 
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r  that  the  he^d  is  bilaterally  symmetricaL  Sometimes 
the  polar  cells  constitute  the  whole  of  the  cephalic  enlarge- 
ment ;  but,  in  others,  cells  of  the  adjacent  part  of  the  body 
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(parapolar  cells)  contribute  to  the  investment  of  the  head. 
Strongly-refracting  globules  and  rods  accumulate  in  some  of 
the  ectodermal  cells,  and  cause  them  to  project  in  the  form 
of  papiliwe. 

The  axial  cell  is  a  mass  of  protoplasm.  Its  relatively 
dense  outer  layer  parses  into  a  central  reticulation,  in  the 
midst  of  which  there  is  a  large  oval  nucleus. 

Reproduction  takes  place  by  the  formation  of  germs,  and 
the  development  of  embryo  from  them,  in  the  axial  cell.  The 
embryos  are  of  two  kinds,  the  one  vermiform,  the  other  in- 
fusonform,  and  are  not  met  with  in  the  same  Dieyema,  but  in 
individuals  of  somewhat  different  characterB,  Those  which 
give  rise  to  the  vermiform  embryos  are  termed  Nematogena, 
while  the  others  are  named  Rhomhogena. 

In  the  Nematogena,  the  germs  arise  in  the  protoplasmic 
reticulum  of  the  axial  cell,  and,  at  first,  are  minute  spherical 
bodies,  each  of  which  is  provided  with  a  nucleus.  This  germ- 
cell  divides  into  two,  and  each  of  these  again  becoming  bi- 
sected, four  cells  are  produced,  of  which  one  remains  undi- 
vided, while  the  rest  go  on  dividing.  The  former  enlarges, 
and  gives  rise  to  an  axial  cell,  around  which  the  other  cells 
arrange  themselves,  until  eventually  they  inclose  it.     Before 
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they  meet,  they  surround  an  opening  through  which  one  end 
of  the  axial  cell  protrudes.  This  corresponds  with  the  oral 
pole. 

Before  the  young  Dicyenia  thus  developed  leaves  the 
body,  which  it  generally  does  by  traversing  the  oral  pole 
(though  it  may  make  its  way  out  through  the  parietes),  two 
embryos  of  the  same  kind  appear  within  its  axial  cell. 

Thus  the  nematogenous  Dicyema  gives  rise  by  agamo- 
genetic  process  to  new  Dicyemiu. 

In  the  Rhomhogena  the  germs  are  developed  in  from  two 
to  five  special  nucleated  parent  cells,  the  origin  of  which  is 
not  known.  They  are  found  imbedded  in  the  protoplasm  of 
the  axial  cell,  and  the  germs  are  developed  endogenously 
from  the  protoplasm  of  the  parent  cell,  the  nucleus  of  which 
remains  unchanged.  The  germs  undergo  division,  and  be- 
come spheroidal  bodies  composed  of  two  kinds  of  cells,  small 
and  large.  Each  of  these  bodies  is  converted  into  an  infu- 
Boriform,  bilaterally  symmetrical  embryo,  which  consists  of 
an  urn^  a  ciliated  hody^  and  two  refractive  bodies. 

The  urn,  situated  on  the  ventral  side  of  the  embryo,  is 
composed  of  a  capsule^  a  lld^  and  contents. 

The  latter  are  four  granular  masses,  each  of  which  con- 
tains many  nuclei,  and  eventually  becomes  covered  with  cilia. 
The  refractive  bodies  take  their  origin  in  two  adjacent  cells. 
They  partially  cover  the  urn  in  front,  and  form  the  largest 
portion  of  the  dorsal  face  of  the  embryo.  The  ciliated  body 
consists  of  ciliated  cells,  and  forms  the  caudal  portion  of  the 
embryo. 

While  the  vermiform  embryo  becomes  a  Dicyema  in  the 
body  of  the  Cephalopod  on  which  its  parent  is  parasitic,  the 
infusoriform  embryo  is  set  free,  and  probably  serves  as  the 
means  by  which  the  parasite  is  transmitted  from  one  Cepha- 
lopod to  another. 

Professor  E.  van  Beneden  compares  the  cortical  layer  of  a 
Dicyema  to  the  ectoderm,  and  the  axial  cell  to  the  endoderm 
of  a  Metazoon ;  and  the  mode  of  production  of  the  embryo 
to  the  process  of  epiboly  in  the  Metazoa.  But,  from  the 
complete  absence  of  any  mesoblastic  layer,  he  proposes  to 
establish  a  new  division  of  Mesozoa^  intermediate  between 
the  Protozoa  and  the  Metazoa^  for  the  Dicyemida. 


CHAPTER  XII. 

THB  TjLXONOMY   OP  INVBRTEBRATBD   AlOMALS. 

The  grouping  of  the  various  kinds  of  invertebrated  ani- 
mals which  has  been  adopted  in  the  preceding  pages  is  to  be 
regarded  merely  as  a  temporary  arrangement.  Each  chapter, 
from  the  second  to  the  tenth,  is  devoted  to  a  series  of  forms, 
the  morphological  relations  of  which  are  more  or  less  obvi- 
ous, while  Chapter  XI.  is  reserved  partly  for  such  groups  as 
do  not  readily  find  a  place  in  any  of  the  series  which  precede 
them;  and,  partly,  for  such  as  have  been  established  since 
this  work  was  commenced. 

Our  knowledge  of  the  anatomy,  and  especially  of  the 
development,  of  the  Invertehrata  is  increasing  with  such  pro- 
digious rapidity,  that  the  views  of  Taxonomists  in  regard  to 
the  proper  manner  of  expressing  that  knowledge  by  classifi- 
cation are  undergoing,  and,  for  some  time  to  come,  are  likely 
to  undergo,  incessant  modifications. 

To  the  beginner,  who  is  apt  to  make  the  mistake  of  look- 
ing upon  classification  as  the  foundation  and  essence  of  mor- 
phology, instead  of  what  it  really  is,  the  superstructure  and 
outcome  thereof,  this  state  of  things  is  distressing.  Every 
hand-book  presents  him  with  a  different  system  of  classifica- 
tion, and  he  may,  not  unnaturally,  despair  of  finding  any 
stability  in  a  science,  the  most  general  results  of  which  are 
capable  of  being  stated  in  such  very  different  ways.  If,  how- 
ever, the  student  will  attend  to  the  facts  which  constitute  the 
subject-matter  of  classifications,  rather  than  to  the  modes  of 
generalizing  them  which  are  expressed  in  taxonomic  systems, 
he  will  find  that,  however  apparently  divergent  these  systems 
may  be,  they  have  a  great  deal  in  common. 

It  is  possible  to  divide  invertebrated  animals  into  a  certain 
number  of  groups,  each  of  which  will  be  admitted  by  every 
morphologist  to  be  in  itself  a  perfectly  natural  assemblage. 
That  is  to  say,  all  the  forms  thus  associated  together  will  re- 
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semble  one  another,  and  will  differ  from  all  other  animals  in 
certain  respects.  Each  such  assemblage  is,  in  fact,  a  ''  nat- 
ural order  "  in  the  sense  in  which  that  word  is  used  by  bota- 
nists ;  and,  although  the  number  of  these  natural  orders  may 
be  increased  by  the  discovery  of  new  forms,  or  diminished  by 
the  ascertainment  of  closer  bonds  of  union  than  are  at  present 
known  to  exist  between  the  orders  already  discriminated, 
yet,  the  morphological  types  which  they  represent  will  al- 
ways remain  ;  and,  therefore,  the  knowledge  of  their  charac- 
ters, once  acquired,  will  be  a  permanent  possession. 

It  is  not  needful  that  these  natural  orders  should  be  mor- 
phologically, still  less  numerically,  equivalent  ;  and,  in  form- 
ing them,  it  is  more  important  that  similarities  should  not  be 
neglected,  than  that  differences  should  be  overlooked.  Those 
which  have  been  recognized  in  the  preceding  pages  are  enu- 
merated in  the  following  list,  arranged  in  sections  correspond- 
ing with  the  chapters  in  which  they  are  discussed.  Under 
the  head  of*each  section  I  shall  proceed  to  make  such  obser^ 
vations  as  have  been  suggested^  to  me  by  new  information  or 
by  further  reflection,  during  the  progress  of  this  work. 

Section  I. — Monera  [JForaminifera]  [Heliozoob]^  Radio- 
laria^  Protoplasta^  Gregarinidce^  CataUacta^  Infusoria  [  Opa- 
linina^  Ciliata^  FlageUata^  Tentaculi/era\. 

Section  II. — Porifera^  Hydrozoa^  (foralligena  [Cteno- 
phora\ 

Section  III.  —  Turbellariay  Rotifera  [Niematorhyncha]y 
Trematoda^  Cestoidea. 

Section  IV. — Sirudinea,  Oligochceta^  Polychosta^  Grephy- 
Tea. 

Section  V. —  Crustacea^  Arachnida  [Pycnogonida^  Tardi- 
grada^  Pentastomida\  Myriapoda^  Insecta, 

Section  VI. — Polyzoa^  Brachiopoda^  LamelliJbTanchiata^ 
Odontophora. 

Section  VII. — Echinodermata, 

Section  VIII. — Tunicata. 

Section  IX. — Peripatidea,  Myzoatomatay  JEnteropneusta^ 
Chaetognatha^  JVematoideay  Physemaria^  Acanthocephala^ 
Dlcyemida, 

Section  I. — ^In  the  commencement  of  Chapter  II.,  I  have 
expressed  a  doubt  as  to  the  validity  of  the  distinction  of  the 
groups  contained  in  this  section  by  the  presence  or  absence 
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of  a  nucleus,  and  the  recent  investigations  of  Schulze  ^  and 
Hertwig '  have  justified  my  hesitation.  These  observers  have, 
in  fact,  demonstrated  the  existence  of  one  or  more  nuclei  in 
many  Foraminifera  {EntoscUenia^  Polystomella^  Motalia, 
Textularia,  some  MiliolidcB),  These  nuclei  may  be  simple 
or  multiple ;  in  the  latter  case,  they  have  no  special  relation 
to  the  cameration  of  the  skeleton,  and  they  are  single  in  the 
young. 

The  discovery  of  the  nuclei  was  effected  by  treating  the 
Foraminifera  in  which  they  were  found  in  a  special  manner; 
and,  considering  the  negative  results  at  which  the  best  ob- 
servers of  the  Foraminifera  baye  hitherto  arrived,  and  the 
fact  that  the  other  Monera  have  not  been  investigated  by 
the  same  methods,  it  will  probably  be  wise  to  consider  the 
question  of  the  nonexistence  of  a  nucleus  in  them  as  an  open 
one. 

Hertwig  proposes  to  include  all  the  Rhizopods  which  are 
invested  by  a  coat  of  chitin,  or  by  siliceous  or  arenaceous  par- 
ticles, or  which  possess  a  skeleton,  under  the  head  of  Thala- 
mophora  ;  but  the  name  of  Foraminifera  is  now  so  widely 
accepted  and  so  long  established  that  I  cannot  but  think  that 
the  better  course  is  to  retain  it. 

I  have  included  the  Actinophryida  and  the  similar  forms 
found  in  fresh  water,  and  provided  with  Radiolarian  skele- 
tons, with  the  marine  Madiolaria^ 

Hertwig  and  Lesser,*  however,  in  their  important  mono- 
graph upon  the  Rhizopods,  have  stated  reasons  for  separating 
the  former  as  a  distinct  group  (the  ffeliozoa  of  Haeckel), 
though  their  conclusion  that  there  are,  at  present,  no  grounds 
for  assuming  even  a  remote  relation  between  the  Meliozoa 
and  the  Hadiolaria  (I.  c,  p.  159)  appears  to  me  to  have  no 
sufficient  warranty. 

The  Heliozoa  are  defined  by  these  authors  to  be  unicellu- 
lar organisms,  which  occasionally  become  multicellular,  or  at 
any  rate  multinucleate,  by  the  multiplication  of  the  nucleus. 
They  are  usually  spheroidal  and  free,  but  some  are  fixed  by 
means  of  a  stalk.     In  most,  the  protoplasm  of  which  they  con- 

»  "  Rhizopoden-Studlen,  VI."    ("  Archiv  fQr  Mikr.  Anatomie,"  1876.) 
3  ^^  Bemerkun^en  zur  Orffauisation  uud  systematischen  Stelluog  der  Forami- 
niferen."    {Jenaigche  Zeitscnrift^  1876.) 

•  "  Ueber  Bhizopodeu  und  denselben  naheatehenden  Organismen,"  ("  Ar- 
chiv fur  Mikr.  Anat.,"  Bd.  x.,  Supplementheft,  1866.)  FuH  references  to  the 
literature  of  the  subject  will  be  found  in  this  memoir  and  in  Dr.  Carpenter* s 
"  Introduction  to  the  Study  of  the  Foraminifera,"  1862. 
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sist  is  differentiated  into  a  cortical  and  a  medullary  substance 
(ectosaro  and  endosarc).  The  sharpness  of  demarcation  of 
the  ectosarc  from  the  endosarc  varies.  In  Actinophrys  sol 
the  two  pass,  imperceptibly,  one  into  the  other  ;  in  AcHno- 
sphcerium^  the  change  from  the  ectosarc  into  the  endosarc 
takes  place  within  a  narrow  zone,  everywhere  equidistant 
from  the  centre.  The  line  of  separation  between  the  endo- 
sarc and  the  ectosarc  is  best  defined  in  the  AcanthocyatidcBy 
Heterophryidmy  etc.,  but  it  arises  only  from  a  differentiation 
of  the  protoplasm,  and  not  from  the  development  of  a  defi- 
nite membranous  investment  around  the  endosarc.  The  nu- 
clei lie  in  the  endosarc.  When  only  one  exists  it  is  usoalij 
eccentric,  and,  when  there  are  many,  they  are  scattered  irreg- 
ularly. The  ectosarc  contains  contractile,  and  sometimes  non- 
contractile,  vacuoles,  which  last  may  also  be  met  with  in  the 
endosarc.  The  pseudopodia  are  thin,  filiform,  and  radiate 
from  the  body ;  sometimes  their  surface  presents  moving 
granules.  They  rarely  branch  or  anastomose.  In  many  cases 
they  present  an  axial  substance  which  may  be  traced  as  far  as 
the  endosarc.  The  silecious  skeleton  may  consist  of  separate 
spicula  or  form  a  continuous  shell. 

The  Heliozoa  propagate  by  simple  division  with  or  with- 
out previous  encystation  ;  and  the  products  of  division  may 
or  may  not  become  encysted.  They  may  either  pass  directly 
into  the  adult  state  or  become  monadiform  active  larvae,  pro- 
vided with  two  flagella,  a  nucleus  and  contractile  vesicle, 
which  in  course  of  time  develop  into  the  parent  form.* 

A  completely  new  light  has  been  thrown  upon  the  vexed 
question  of  the  supposed  sexual  method  of  reproduction  of 

»  As  this  chapter  was  passinflf  through  the  press,  Hertwig's  monograph  "  Zur 
Histologie  der  Radiolariea  "  has  come  into  my  hands.  The  Badiolaria  are  de- 
fined as  Rhizopods  with  pointed,  branched,  usually  anastomosing  and  granular 
pseudopodia.  which  proceed  from  a  protoplasmic  bodv  inclosing  either  nu- 
nierous  small  heterogeneous  nuclei,  or  a  single  larger  highly-differentiated  ve- 
sicular nucleus.  The  protaplasm  of  the  body  is  Further  separated  into  a  pe- 
ripheral non-nucleated  and  a  central  nucleated  portion,  by  a  membranous  capsule 
with  porous  walls.  The  capsule  is  invested  by  a  homogeneous  gelatinous  sub- 
stance ;  the  extracapsular  protoplasm  usually  contains  numerous  yellow  cells. 

Propagation  is  effected  (probably  always)  by  the  breaking  up  of  the  bodv 
into  unicellular  monadiform  embryos  provided  with  a  single  flagellum.  As  a 
Tesult  of  these  investigations,  Hertwig  admits  that  the  Badiolaria .  and  the 
Heliozoa  are  closely  allied,  and  even  suggests  that  the  name  of  Badiolaria 
Bhould  apply  to  both  groups,  which  would  then  form  the  subdivisions  of  Heliozoa 
and  Oytophora.  The  Radiolnria  (Ovlophora)  are  distinguished  into  GoUosoa 
<with  nuraerouis  small  nuclei)  and  ColUda  with  a  single  highly-differentiated 
nucleus. 
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Infusoria  by  the  investigations  of  Engelmann/  BUtschli,* 
and  Hertwig,'  the  results  of  whose  observations  may  be 
summed  up  as  follows  : 

1.  The  so-called  acinetiform  embryos  are  parasites. 

2.  The  rod-like  bodies  occasionally  observed  in  the  endo- 
blast  are  also  parasites,  and  probably  Bcbcteria. 

3.  The  globular  so-called  germs  in  the  VorticellidcB  and 
the  bodies  termed  "  ovules "  by  Balbiani  have  nothing  to  do 
with  reproduction. 

4.  In  the  Vbrticellidce,  when  conjugation  takes  place,  the 
endoplasts  of  both  individuals  break  up  into  a  number  of 
fragments.  These  become  mixed  up  in  the  common  body 
which  results  from  conjugation.  The  endoplast  of  the  latter 
results  from  the  gradual  union  of  many  smaller  particles 
which  make  their  appearance  in  the  endosarc.  Whether 
they  are  identical  with  the  fragments  into  which  the  endo- 
plasts of  the  conjugated  individuals  have  divided,  is  not  cer- 
tain. 

5.  When  Infusoria  which  possess  an  endoplastule,  as 
well  as  an  endoplast,  conjugate,  both  of  these  structures  un- 
dergo division  ;  and  the  endoplastule,  before  division,  ac- 
quires the  striated  structure  and  spindle  shape,  which  has  ob- 
tained for  it  the  name  of  "  seminal  capsule." 

6.  The  final  result  of  conjugation  is  the  appearance  in 
each  of  the  individuals  which  have  undergone  conjugation 
of  the  endoplast  and  endoplastule  (either  single  or  multiple) 
which  characterize  the  species. 

It  does  not  appear  that  there  is  any  positive  proof  that 
the  striated  endoplastule,  or  endoplastules,  of  the  conjugated 
individuals  are  or  are  not  exchanged.  From  Biitschli's  obser- 
vations on  Stylonichia  mytilus,  he  concludes  that  the  endo- 
plast divides  into  four  fragments  ;  that  these  round  them- 
selves oflF  into  the  so-called  "  ovules  "  of  Balbiani,  and  are 
expelled  from  the  body ;  while,  of  the  four  striated  endoplas- 
tules into  which  the  endoplastules  which  exist  before  fecunda- 
tion divide,  one  is  converted  into  a  large  transparent  body, 
and,  dividing,  gives  rise  to  the  two  new  endoplasts  which  ap- 
pear in  the  Stylonichice^  after  their  separation.  Two  of  'the 
others  become  the  new  endoplastules ;  while  one,  apparently 

*  "  Ueber  Entwickelun^  und  Fortpflanzung  der  InfUsorien."  ("  Morpho- 
logisches  Jahrbuch,"  1876.) 

'  *'  Mittheilungen  i\ber  die  Conjugation  der  In^orien  und  die  Zellthei- 
lung."     (ZeUsohrift  fur  wise.  Zoologie,  1875.) 

■  "  Ueber  Ibdbphrya  gemmipard^  nebst  Bemerkungen  zum  Bau  und  zur 
■ystematisohen  Stellung  der  Acineten.'^    (^"  Morph.  Jahrbuch,"  1876.) 
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undergoing  retrogressive  metamorphosis,  is  cast  out  of  the 
body. 

From  these  facts,  and  from  the  circumstance  that  the  en- 
doplastules  of  Infusoria^  which  are  merely  dividing,  acquire 
the  striated  structure,  it  must  be  concluded  that  the  ascrip- 
tion of  a  spermatozoal  nature  to  the  striae  of  the  modified  en- 
doplastules  is  not  warranted.  And  the  remarkable  observa- 
tions of  Biitsehli,  Strassburger,*  Van  Beneden,  and  Hertwig,' 
on  the  changes  which  take  place  in  the  nuclei  of  both  animal 
and  vegetable  cells,  which  are  undergoing  division,  or  are  pre- 
paring for  fecundation,  seem  to  leave  no  doubt  as  to  the  jus- 
tice of  this  negative  cbnclusion.  In  such  cells  the  nucleus 
becomes  elongated  and  assumes  a  striated  appearance,  so  as 
to  resemble  in  a  very  striking  manner  the  so-called  "  seminal 
capsule  "  of  the  Infusoria.  Nevertheless,  it  is  still  possible 
that  the  conjugation  of  the  Infusoria  may  be  a  true  sexual 
process  ;  and  that  a  portion  of  the  divided  endoplastules  of 
each  may  play  the  part  of  the  spermatic  corpuscle  %  the  con- 
jugation of  which  with  the  nucleus  of  the  ovum  appears,  from 
recent  researches,  to  constitute  the  essence  of  the  act  of  im- 
pregnation. 

With  the  proof  that  the  "  acinetiform  embryos  "  of  the 
Infusoria  ciliata  are  parasites,  the  view  of  the  relations  of 
the  TentacifHfera  with  the  Ciliata^  suggested  at  p.  101, 
ceases  to  be  exactly  tenable.  Nevertheless,  the  resemblance 
of  the  ciliated  young  Acinetce  to  the  simpler  forms  of  the 
Ciliata  is  so  close  that  they  may  still  be  said  to  be  modifi- 
cations of  a  common  type,  Hertwig '  has  made  the  interest- 
ing observation  that,  in  some  Acinetoe^  the  tentacula  are  of 
two  kinds  :  those  of  the  one  kind  are  the  characteristic  suc- 
torial organs,  while  those  of  the  other  kind  are  simply  pre- 
hensile, and  have  a  structure  very  similar  to  that  of  the  pre- 
hensile pseudopodia  of  the  Actinophryidae.  The  same  au- 
thor shows  that  the  ciliated  germs  do  not  arise  from  the  en- 
doplast  alone,  but  that  a  portion  of  the  protoplasm  of  the 
body  invests  each  division  of  the  endoplast.  In  fact,  the  pro- 
cess by  which  these  germs  are  developed  is  altogether  similar 
to  ordinary  cell-division. 

»  "  Ueber  Zellbildung  und  Zclltheilung,"  1876. 

s  *^  Beitrg^e  zur  Kenntniss  und  Bildung.  Befruohtung  und  Theilung  des 
thierischen  Eies."    (**  Morphologiflches  Jahrbuch,"  1876.) 


» "  Deber 
Btematisohen 


Ibdophrya  gemmipara  nebst  Bemerkungen  zum  Bau  und  zur  sy- 
Stellung  der  Acineten.''    (*^  MorphologiBches  Jahrbuoh,"  1876.) 
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The  OpcUinina  must  clearly  be  arranged  among  the  Jnfu' 
soria.  Stein  regards  them  as  simply  the  lowest  forms  of  the 
JSolotricha^  but  it  will  probably  be  safer  to  consider  them  as 
a  distinct  group,  standing  in  somewhat  the  same  relation  to 
the  Ciliata  as  the  GregarinidcB  do  to  the  AnweboB, 

Section  II. — The  elucidation  of  the  problem  of  the  mode 
of  development  of  the  Sponges  has  been  greatly  advanced 
by  the  investigations  of  Oscar  Schmidt,^  Schulze,'*  and  espe- 
cially of  Barrois,"  which  confirm  the  assertion  of  Metschnikoff 
that  the  vesicular  morula  which  constitutes  the  early  condi- 
tion of  the  sponge-embryo  consists  of  blastomeres  of  two 
kinds;  those  of  the  one-half  of  the  spheroidal  or  flattened 
embryo  being  elongated  and  flagellate  ;  those  of  the  other, 
rounded,  granular,  and  nonciliated.  Schulze  and  Barrois 
have  independently  ascertained  that  the  latter  region  some- 
times undergoes  partial  invagination ;  and  that  a  cup-shaped 
body  is  produced,  composed  of  an  epiblast  formed  of  flagel- 
late cells  and  a  hypDblast  of  spheroidal,  non-ciliated  cells. 
Taus  the  "  gastrula "  stage  of  Haeckel  may  exist,  though  it 
is  not  formed  by  delarnination,  as  he  supposed,  but  by  invagi- 
nation. But  it  appears  that  this  gastrula-stage  does  not 
always  occur,  and  that  whan  it  does,  it  is  transitory,  in  so  far 
as  the  hypoplastic  cells  subsequently  enlarge,  protrude  be- 
yond the  epiblastic  cells,  and  give  rise  to  the  free  ovate  em- 
bryo formed  of  a  ciliated  and  nonciliated  half,  which  has  so 
often  been  observed.  A?cording  to  Barrois's  observations, 
this  free  swimming  larva  fixes  itself  by  its  nonciliated  hypo* 
blastic  h  ilf,  and  the  hypoblastic  calls  are  invested  by  those  of 
the  epiblast,  which  thus  constitute  the  whole  outer  covering 
of  the  young  sponge.  The  central  cavity  of  the  sponge, 
which  represents  the  archenteron,  arises  in  the  midst  of  the 
included  hypoblastic  cells,  while  the  osculum  is  a  secondary 
opening,  formed  apparently  by  an  invagination  of  the  ecto- 
derm, and  has  nothing  to  do  with  the  primitive  blastopore. 
Thus  even  the  simplest  sponge  has  passed  beyond  the  gas- 
trula-stage. 

Schulze  has  made  the  important  discovery  that,  in  Sy- 

»  "  Zur  Orientirung  tiber  die  Entwickelung  der  Spongien  "  iZeitscTiriftfur 
wise,  Zoologie^  18751;  and  "  Nochmals  die  Gastrula  der  Kalkschwamme " 
("  Arohiv  f.  Mikr.  Anat.,"  1876), 

«"Ueber  den  Bau  und  die  Entwickelung  von  Sycandra  raphanus^^  (ZeU- 
schriftfur  wise.  Zoologie^  1875);  and  **Zur  EntwiokelungsgescMohte  von  Sy- 
oaudra"  (ibid.,  1876). 

»  "  Annales  des  Sciences  Naturelles,"  1876. 


568         THE  AKATOMT  OF  INYERTEBBATED  ANIMALS. 

eandra  raphanuSj  there  is  a  layer  of  flattened  cells  external 
to  the  syncytium  ;  whence  the  latter  may  rather  be  regarded 
as  the  equivalent  of  the  mesoderm  than  of  the  ectoderm  of 
the  Coslenterata.     And  the  observations  of  Barrois  on  other 
calcareous  sponges  tend  to  the  same  conclusion.     The  care- 
ful  investigations  of  the  last-named  writer  have  not  enabled 
him  to  discover  spermatozoa  in  any  sponge,  and  he  finds  that 
the  ova,  when  they  are  first  discernible,  are  situated  in  the 
syncytium  or  mesoderm,  and  not  in  the  endoderm.     In  the 
free  larvae  of  the  calcareous  sponges  an  equatorial  zone  of 
rounded  equal-sized  blastomeres  is  interposed  between   the 
ciliated,  or  epiblastic,  and  the  nonciliated,  or  hypoblastic, 
hemisphere ;  and  it  appears  probable  that  these  cells  repre- 
sent a  mesoblast,  and  give  origin  to  the  mesoderm.     The 
embryo  in  this  condition  has  a  very  interesting  resemblance 
to  that  of  Clepsine^  in  the  stage  in  which  the  epiblast  occu- 
pies one  face  of  the  embryo,  and  the  hypoblast,  formed  of 
three  very  large  blastomeres,  the  oppositis  face  ;  while  an  in- 
complete zone  of  six  or  eight  large  blastomeres,  which  are 
eventually  inclosed  by  the  epiblast,  surrounds  the  margins  of 
the  latter. 

At  p.  135,  I  have  quoted  Haeckel's  account  of  a  pro- 
cess of  EntogaMric  gemmation  in  Carmarina  hastata  of  an 
altogether  anomalous  character. 

F.  E.  Schulze  ^  has  lately  investigated  specimens  of  Oery- 
onia  hexaphylla  provided  with  entogastric  processes  beset 
with  budding  CunincB^  and  he  proves  that,  in  this  case,  at 
any  rate,  the  phenomenon  is  one  of  parasitism.  The  stem 
from  which  the  buds  proceed,  in  fact,  is  not  a  process  of  the 
body  of  the  Geryonia^  but  is  simply  attached  to  the  wall  of 
the  gastric  chamber  of  the  latter.  It  is  hollow,  and  its  cavi- 
ty is  lined  by  an  endodermal  epithelium.  The  Cunina  buds 
are  not  developed  from  the  epithelium  which  covers  the  stem 
and  represents  its  ectoderm,  but  commence  in  the  ordinary 
way,  as  csBcal  diverticula  of  the  wall  of  the  stem,  the  apices 
of  which  soon  open  to  form  the  hydranth  of  a  medusoid,  the 
disk  of  which  results  from  the  outgrowth  of  the  base  of  the 
hydranth.  In  all  probability  the  larva  of  the  Cunina  enters 
the  gastric  cavity  of  the  Geryonia  as  a  planula ;  and,  attach- 
ing itself  to  the  wall,  grows  out  into  a  stolon  whence  the  me- 
dusoids  bud. 

» **  Ueber  die  Cuninen-Knospenahren  im  Majoren  v.  Geryonien.**    (**  Mit- 
theilungen  dee  NatiirwissenBohaftlioIien  Vereines.'*    Gratz,  1875.) 
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It  may  be  suspected  that  the  other  cases  of  supposed  en- 
togastric  proliferation  will  prove  to  be  susceptible  of  a  similar 
explanation. 

Although,  as  I  have  endeavored  to  show,  the  Ctenophora 
are  readily  reducible  to  the  general  plan  of  the  Actinozoa^  yet, 
considering  their  many  peculiar  characters,  I  think  it  is  ad- 
visable to  separate  them  from  the  Coralligena^  as  a  distinct 
natural  order. 

Moreover,  the  Physemaria  must  undoubtedly  be  placed 
in  this  section,  which  will,  therefore,  consist  of  the  following 
natural  orders:  Physemaria^  Porifera^  Hydrozoa^  GoraUi- 
gena^  Ctenophora. 

Section  III. — I  concur  in  the  proposal  of  Biitschli  ^  to  es- 
tablish a  group,  Nematorhyncha^  for  the  genera  Choetonotus^ 
Echinoderes^  and  their  allies,  to  which  reference  is  made  at  p. 
101.  The  Neraatorhyncha  are  divisible  into  the  Gastrotricha ' 
( Chcetonotus^  Chcetura^  Cephalidium^  Ichthydium^  Turhanel- 
la^  Hemidasys^  and  Dasydites)^  which  are  ciliated  on  the 
ventral  surface  of  the  body,  and  the  Atricha  {EchinodereB)^ 
which  possess  no  cilia.  Butschli  finds  two  convoluted  water- 
vessels  analogous  to  those  of  the  Motif era^  but  apparently 
not  ciliated,  in  ChoetonotKS. 

Section  IV. — Our  knowledge  of  the  development  of  the 
ILirudinea  has  received  an  important  addition  in  the  "  M^ 
moire  sur  le  d^veloppement  embryog^nique  des  Hirudin^es," 
by  M.  C.  Robin  ;  who,  among  other  important  contributions 
to  embryology,  has  rectified  some  important  errors  of  Rathke 
respecting  the  early  stages  of  the  development  of  Clepsine, 
I  have  found  the  description  and  figures  of  the  various  stages 
of  cleavage,  and  of  the  steps  by  which  the  blastoderm  is  con- 
verted into  the  young  Clepsiney  given  in  this  memoir,  to  be 
exceedingly  accurate. 

The  whole  process  in  Clepsine  is  very  similar  to  that  which 
has  been  described  in  Euaxes  by  Kowalewsky,'  and  shares 
with  it  the  remarkable  peculiarity  that  the  first-formed  por- 
tion of  the  blastoderm  becomes  the  haemal  region  of  the  body. 

>  "  Untersuchunffen  liber  freilebende  Neraatoden  und  die  Gattung  Ghostono^ 
tus,''''    {Zeitschrift  JUT  wiss.  Zooloaie,  1876. ) 

»  See  H.  Ludwi^,  "  Ueber  die  Ordnung  Gastrotricha."  {Zeitschriftfur  vnss, 
Zooloaie^  1876.) 

»  **  Embryologische  Studien  an  Wurmem und  Arthropoden."  ("  M^m.  de 
PAcad.Imp.  de  St.-P^tersbourg,"  1871.) 
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As  this  blastodermic  disk  grows,  its  margins  thicken  and  give 
rise  to  two  gsrm-bands  (Keimstreifen).  These  gradually  ap- 
proximate and  eventually  unite  upon  the  opposite  face  of  the 
ovum.  As  the  chain  of  ganglia  is  the  product  of  the  diflferen- 
tiation  of  the  epiblast  of  the  germ-bands,  it  follows  that  it  is 
formed  by  tlie  union  of  two  primarily  distinct  nerve-tracts, 
which  move  round  from  the  haemal  to  the  neural  aspect  of  the 
body  ;  and  thus  the  arrangement  of  the  nervous  trunks  in 
M'alacob Stella  '  may  be  regarded  as  expressive  of  a  condition 
which  is  transitory  in  Clepsine  and  J^uaoses, 

Many  years  ago  '  I  directed  my  attention  to  the  fact  that 
"the  development  of  a  Mollusk  commences  on  the  haemal 
side  and  spreads  round  to  the  neural  side,  thus  reversing  the 
process  in  Artiqulata  and  Vertebrata  ; "  and  it  is  very  inter- 
esting, considering  the  many  curious  points  of  approximation 
between  the  Annelida  and  the  MoUusca  which  are  now  com- 
ing to  light, .to  observe  that  certain  Annelids  present  this 
especially  Molluscan  peculiarity.'  As  Von  Baer  long  ago 
pointed  out,  there  is  a  striking  likeness  between  the  foot  of  a 
Gasteropod  and  the  suctorial  disk  of  one  of  the  Sirudinea, 
The  so-called  jaws  of  the  Leeches  (the  "  teeth  "  of  which,  I  may 
observe  in  passing,  are  calcified)  are  curiously  similar  to  an 
odontophora  devoid  of  cartilages,  the  representative  of  the 
radula  being  supported  on  a  muscular  cushion. 

The  statement  at  p.  215,  that  "  no  calcareous  skeleton 
is  found  in  any  of  the  Grzphyreay'*  ceases  to  be  true  since  the 

»  According  to  Semper's  recently-published  statements,  Malacobdella  is  a 
true  Nematoid,  and  not  a  Leech.  ("  Die  Verwandtschaftsbeziehungen  der 
gesrliedertsn  Thiere,"  "  Arbeiten  aus  d.  Zoolo^isch-zootomischen  Tnstitut  in 
Warzburg,"  Bd.  iii.,  1876.)  The  memoir  here  cited  is  full  of  important  obser- 
vations respectinsr  the  structure  of  the  nervous  system  in  the  Annelida;  the 
aTarao^enetic  multiplication  of  Nais  and  Chcetogader ;  and  the  development  of 
the  organs  of  these  Annelids. 

Moreover,  the  author  discusses  very  fully  the  relation  of  the  Annelidan  with 


with  the  branchial  apparatus  of  vertebrate  animals  is  founded,  appears  to  me 
to  be  wholly  inadequate  to  bear  out  the  conclusions  deduced  from  it. 

2  **  On  the  Morphology  of  the  Cephalous  Mollusca."  ("  Phil.  Trans.," 
1852,  p.  45  and  note.) 

*  The  mode  of  development  of  the  central  nervous  system  in  Euxxxes  and 
Clepsine  offers  many  points  of  interest.  Not  the  least  important  of  them  is  the 
obvious  similarity  (to  which  attention  has  already  been  directed  by  Semper) 
between  the  germ -bands  of  Clepsine  when  they  have  united  throughout  the 
greater  part  of  their  length,  but  surround  the  blastopore  behind,  and  the  Am- 
phibian embryo  with  its  dorsal  ridges,  which  have  exactlv  similar  relations. 
{See,  for  example,  Fig.  40,  in  Plate  III.  of  Gotte's  work,  *'  Die  Entwiokelungs- 
geschichte  der  Unke.") 


CHJSTODERMA,  NEOHENIA,   AND  CHITON.  571 

discovery  of  L.  Graff,^  that  the  minute  spines  of  Chaetoderma 
are  calcified.  It  is  a  further  peculiarity  of  this  genus  that 
two  distinct  nerve-cords  proceed  from  the  cerebral  ganglia 
parallel  with  one  another  on  each  side  of  the  body,  in  the 
place  of  the  single  median  nerve-cord  of  other  members  of  the 
group. 

Dr.  Jhering  *  has  directed  attention  to  certain  points  of 
resemblance  between  Chcetoderma^  with  the  allied  genus 
Neomenia^  and  the  Chitons,  especially  in  the  arrangement  of 
the  trunks  of  the  nervous  system  ;  and  he  proposes  to  unite 
the  three  into  a  group  of  Amphineura — thus  separating  the 
Chitons  from  the  MoUusca  altogether. 

Section  V. — I  regret  that  I  have  been  unable  to  make  use 
of  Claus's  recently-published  important  contributions  to  the 
history  of  the  development  of  the  Crustacea,^ 

Section  VI. — The  thorough  examination  of  the  structure 
of  Pedicellina  and  Loxosoma  by  Nitsche  *  has  shown  that 
the  diflFerences  between  the  ectoproctous  and  the  endoproctous 
Polyzoa  are  of  a  more  fundamental  character  than  had  been 
suspected.  In  the  Ectoprocta^  in  fact,  the  endocyst  consists 
of  two  layers,  an  outer  and  an  inner,  of  which  the  former  is 
the  representative  of  the  ectoderm  in  other  animals.  The  lat- 
ter lines  the  wall  of  the  "  perivisceral  cavity,"  and  is  reflected 
thence,  like  a  peritoneal  tunic,  over  the  tentacular  sheath  and 
into  the  interior  of  the  tentacula,  whence  it  is  continued  on  to 
the  alimentary  canal,  of  which  it  forms  the  external  invest- 
ment. The  endoderm,  which  lines  the  alimentary  canal,  is, 
of  course,  continuous,  through  the  oral  opening,  with  the  ec- 
toderm. 

In  the  Endoprocta^  on  the  contrary,  the  endocyst  is  com- 
posed of  only  one  layer,  and  the  endoderm  of  the  alimentary 
canal  has  no  second  or  external  coat.  The  "  perivisceral 
cavity,"  or  interspace  between  the  endoderm  and  ectoderm, 
is  occupied  by  ramified  mesodermal  cells. 

Thus  the  Endoprocta  present  a  structure  as  simple  as  that 

'  "  Anatomie  des  Chaetoderma  niiidulym?'*  {ZeitMhrift  fur  wise.  Zoologie^ 
187t).) 

"  *'  Verji^leichende  Anatomie  des  Nervensystems  der  Molluflken,"  1877. 

'  "  UnterBuchunjren  zur  Erforachung  der  f^enealogischen  Grundlage  des 
Crustaceensystein*,*'  1870. 

*"Beitr<"fi:e  zur  Kenntniss  der  Brvozoen."  ( Zeitttchrift  fvr  zviss.  Zoologie^ 
1870  and  1875.)    Compare  Barrois  (**'Comptes  Rendus,"  1875). 
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of  Nematoid  worms ;  while  the  JEctoproctay  in  possessing  a 
perivisceral  cavity  with  a  special  lining,  the  inner  surface  of 
which  may  be  ciliated,  are,  so  far,  comparable  to  Brachiopods 
or  Echinoderms.. 

Unfortunately,  our  knowledge  of  the  embryonic  develop- 
ment of  the  ectoproctous  Polyzoa  does  not  enable  us  to  de- 
termine with  certainty  the  nature  of  this  perivisceral  cavity, 
and  of  the  layer  which  bounds  it.  Nitsche  shows  that  the 
saccular  cystid,  which  results  from  the  first  developmental 
changes  of  the  embryo  in  the  Phylactoloematay  is  composed 
of  two  layers,  which  correspond  with  those  of  the  endocyst 
in  the  adult  ;  and,  further,  that  the  polypide  (alimentary 
canal,  tentacula,  and  ganglion)  results  from  an  ingrowth  of 
the  outer  layer  of  the  endocyst,  which  pushes  before  it  an  in- 
volution of  the  inner  layer.  The  latter  gives  rise  to  the  re- 
flected "  peritoneum." 

But  I  am  not  aware  that  there  is  any  evidence  which 
proves  conclusively  the  manner  in  which  these  two  layers  of 
the  embryonic  endocyst  take  their  origin,  or  with  what  layers 
of  the  ordinary  embryo  they  are  homologous.  If  we  make 
the  ordinary  assumption  that  the  inner  or  peritoneal  layer  of 
the  endocyst  is  the  partial  or  complete  homologue  of  the  hy- 
poblast in  other  animals,  it  follows  that  the  perivisceral  cav- 
ity of  the  Ectoprocta  is  really  an  enterocoele,  as  it  is  in  the 
jBrachiopoda,  The  only  other  alternative  appears  to  be  the 
supposition  that  the  inner  layer  of  the  endocyst  is  a  meso- 
blast,  differentiated  from  the  germ  earlier  than  the  hypoblast; 
in  w^hich  case  the  perivisceral  cavity  will  be  a  schizocoele. 

Dr.  Jhering's  work  on  the  nervous  system  of  the  MoUuacay 
to  which  1  have  already  referred,  contains  a  number  of  valu- 
able anatomical  details,  and  especially  gives  a  better  account 
of  the  structure  of  the  nervous  system  of  Chiton  than  has 
hitherto  existed.* 

»  In  addition  to  a  great  variety  of  surprising  phyloffenic  speculations,  Dr. 
Jhering  puts  forward  the  novel  morphological  views  that  the  respiratoiy  sac 
of  the  PulmofKUa  {Nephropnmsta^  Jhering)  is  morphologically  a  sort  of  unnary 
bladder,  and  that  the  ganglia  whence  the  arm-nerves  of  the  Cephalopoda  arise 
are  cerebral,  and  not  pedal.  The  arms  are  thus  parts  of  the  head,  and  only  the 
funnel  represents  the  foot  of  Gasteropods. 

I  do  not  presume  to  rebel  against  the  authoritative  censure  of  my  memoir  on 
the  "  Morphology  of  the  MoUusca,"  published  now  five-and-twenty  years  ago, 
which  is  pronounced  by  Dr.  Jhering.  Nevertheless,  I  may  remark  that,  had 
he  condescended  to  pay  attention  to  what  is  said  respecting  the  flexure  of  the 
intestine  in  Molluska  in  that  antiquated  production,  he  would  not  have  com- 
mitted himself  to  the  publication  of  the  two  diagrams— one  of  a  Cephalopod 
and  the  other  of  a  Pteropod — each  with  ito  alimentary  canal  twisted  after  a 
fkshion  of  which  jCjituro  knows  nothing,  which  illustrate,  though  they  hardly 
adorn,  page  272  orhis  work. 
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There  is  no  invertebrated  animal  at  present  known  which 
cannot  at  once  be  referred  to  one  or  other  of  the  natural  or- 
ders which  have  been  discussed  in  the  preceding  pages.  Tlie 
next  question  which  arises  is,  How  far  are  these  groups  sus- 
ceptible of  arrangement  into  assemblages  of  a  higher  order, 
distinguished  from  all  others  by  certain  common  characters  ? 

It  is  universally  admitted  that  the  Insecta^  Myriapoda^ 
Arachniday  Crustacea^  Pycnogoniday  and  Tardigrada^  form 
such  an  assemblage,  termed  the  Arthropoda,  and  character- 
ized by  the  segmentation  of  the  body  ;  the  ohitinous  outicula ; 
the  absence  of  cilia  upon,  or  in,  the  body  at  any  period  of  life ; 
the  segmentation  of  the  central  nervous  sj^stem,  and  its  per- 
foration by  the  gullet ;  and  the  presence  (with  the  possible 
exception  of  the  Irllohita)  of  limbs,  which,  almost  always, 
are  themselves  subdivided  into  joints.  The  reasons  for  in- 
cluding the  Peripatidea  in  this  division  have  been  given  in 
Chapter  XI. ;  and,  though  the  Pentastomidd  must  be  regarded 
as  hardly  within  the  limits  of  the  definition,  I  think  that,  tak- 
ing into  account  the  strange  modifications  which  are  under- 
goae  by  the  parasitic  Gnistaeea  and  Arachniday  it  is  not 
needful  to  depart  from  the  ordinary  practice  of  associating 
them  with  the  Arthropoda, 

The  LimeUihranQhiata  and  the  Odontophora  constitute 
another  very  well  marked  division,  the  Mollusca,  the  char- 
acters of  which  have  beeti  discussed  in  Chapter  VIII. 

The  proposal  to  separate  the  Polyplacophora  from  the 
JHfolluscay  to  which  I  have  already  referred,  appears  to  me  to 
be  devoid  of  any  justification.  The  resemblances  between 
certain  Qephyrea^  such  as  Choetoderma  and  Neomenia,  and 
the  Polyplacophora^  are  accompanied  by  wide  differences  ; 
and  even  if  these  resemblances  are  to  be  regarded  as  evi- 
dences of  affinity,  some  considerations,  such  as  the  restriction 
of  the  branchiae  to  the  hinder  part  of  the  body,  and  the  reduc- 
tion of  the  foot  in  GhitonelhjLSy  rather  lead  to  the  suggestion 
that  OhcBtoderma  and  Neomenia  may  be  extremely  modified 
Mollusks,  allied  to  the  Polyplacophora. 

As  to  the  supposition  that  the  resemblances  between  the 
Nudibranchiata  and  the  Turbdlaria  indicate  a  direct  affin- 
ity between  these  groups,  it  seems  to  be  forgotten  that  the 
Nudibranchiata  are  all,  when  young,  unmistakable  Gastero^ 
pods  provided  with  mantle  and  shell.  Their  adult  structure 
is  as  little  evidence  of  any  Turbellarian  affinities  as  that  of 
Lemma  is  proof  of  its  being  allied  to  the  worms  rather  than 
to  the  Crustacea, 
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The  Physemaria,  the  Porifera^  the  Hydrozoa^  the  CoraU 
ligenay  and  the  Ctenophora^  afe  obviously  moditications  of 
the  same  fundanien^l  plan.  I  think  it  is  convenient  to  re- 
j;ain  the  well-established  name  of  Ccelenterata  for  the  last 
three  orders,  which  are  much  more  closely  related  to  one 
another  than  to  tlie  other  two.  Haeckel's  proposal  to  apply 
the  old  iiaxne  of  Zoophyta  to  the  whole  division  appears  to 
me  to  be  well  worthy  of  adoption.  The  inconvenience  of 
using  a  term  the  cotmotations  of  which  have  varied  some- 
what widely  since  it  was  first  invented,  is  probably  less  than 
that  which  would  attend  the  invention  of  a  new  name. 

The  Mbnera,  Foraminifera^  Heliozoa^  Hadiolaria,  Pro- 
toplastay  Gregarinida^  Catallacta,  and  Infusoria  {Opali- 
nina,  Ciliata^  Tentacidifera^  FlageUata)^  again,  are  so  close- 
ly united  together  that  the  difficulty  is  to  distinguish  the 
less  differentiated  forms  of  each  from  one  another.  They 
constitute  the  division  of  the  Protozoa,  the  common  charac- 
ters of  which  have  been  given  in  Chapter  II. 

If  there  were  no  invertebrated  animals  besides  those  in- 
cluded under  these  four  divisions  of  Arthropoda,  Mollusca, 
Zoophyta,  and  Protozoa,  the  task  of  classification  would  be 
verj'  easy,  and  each  of  the  higher  divisions  would  be  sharply 
defined  from  the  others.  But  a  vast  residuum  remains  to  be 
considered ;  and  it  is  with  the  attempt  to  arrange  these  resid- 
ual orders  into  higher  groups  that  the  difficulties  of  the  Tax- 
onomist  commence. 

The  Polychmta  and  the  Oligochoeta,  the  Htrudin^a  and 
the  GephyreOy  resemble  one  another  generally  in  the  seg- 
mentation of  the  body,  indicated  at  least  by  the  serially  mul- 
tigangliate  nervous  centres ;  *  in  the  presence  of  cilia  and  of 
segmental  organs ;  and  in  the  nature  of  the  larvae,  which  are 
set  free  when  their  embryos  are  hatched  in  an  early  stage  of 
development.  And,  although  no  one  of  these  characters  is 
of  universal  occurrence  (cilia,  for  example,  being  absent  in 
most  adult  ffirudinea),  yet  they  are  found  in  such  association 
that  the  accepted  arrangement  of  these  four  groups  (to  which, 
though  not  without  some  hesitation,  I  add  the  Myzostomata) 
into  the  division  of  the  Annelida  is  undoubtedly  very  con- 
venient. 

The  TVematoda,  the  Turbellaria,  and  the  Potiferay  form 

^  This  character  is  wanting  in  most  Qeplivrea^  which,  as  I  have  remarked 
at  p.  218,  incline  in  many  respects  toward  tne  next  division,  and  especially 
toward  the  Rotifera  and  Nematorhyneha, 
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another  very  natural  assemblage.  But  it  must  be  admitted 
that  the  highest  forms  of  this  division  are  separated  by  no 
very  sharp  line  of  demarcation  from  the  Annelida  ;  while 
the  simplest  Turhellaria  are  almost  on  a  level  with  the  JPhy- 
semaria  and  the  lower  Sydrozoa,  Even  a  Flanaria  is  com- 
parable to  a  free  zoOphyte;  its  proboscis  may  be  likened  to 
the  hydranth  of  a  MeduBa^  the  prolongation  of  the  alimen- 
tary sac  to  the  gastro-vascular  canals,  the  central  nervous  sys- 
tem, with  its  lateral  prolongations,  to  the  marginal  ganglia 
and  nerves.  The  water-vascular  system  and  the  com.plication 
of  the  reproductive  organs,  indeed,  afford  clear  marks  of  dis- 
tinction ;  but  both  of  these  systems  vary  indefinitely  in  the 
degree  of  their  development  within  the  limits  of  the  Tiirbel- 
Uuria, 

On  the  other  hand,  the  connection  of  the  Hirudinea  by 
such  forms  as  McLlacobdeUa  with  the  Turhellaria  and  Trema- 
toda  is  very  close ;  Polygordiua  appears  to  be  a  transitional 
form  between  the  Turhellaria  and  the  Polychoeta  ;  while  the 
Itotiferaj  in  many  respects,  represent  larval  forms  of  the 
Polychosta  and  of  the  Gephyrea, 

The  Cestoidea  are  usually  regarded  as  anenterous  Trema- 
toda,  in  which  case,  of  course,  they  must  be  associated  with 
the  latter. 

I  propose  to  establish  a  division  of  Trichoscolices  for 
the  natural  orders  now  enumerated,  in  order  to  discriminate 
the  morphological  type  which  they  exemplify  from  that  of 
the  Nematoscolices,  containing  the  ^ematoidea,  which  are 
as  remarkable  for  the  universal  absence  of  cilia  as  the  former 
are  for  their  presence  ;  and  which  are  further  so  clearly  dis- 
tinguished by  the  arrangement  of  their  nervous  and  muscu- 
lar systems  and  of  their  water-vessels ;  and  by  their  ecdysis. 

The  connection  between  the  two  divisions  by  way  of  the 
NemaJtorhyncha  and  the  JRotifera  is  undoubtedly  very  inti- 
mate, and  there  is  almost  as  much  reason  to  arrange  the  Ne- 
matorhyncha  with  the  Trichoscolices^  as  with  the  Nematosco- 
lices. On  the  whole,  however,  I  think  that,  notwithstanding 
the  cilia  of  the  Ga^trotricha^  the  closest  affinities  of  the 
Nematorhyncha  are  with  the  Nematoidea^  and  I  therefore 
place  them  among  the  Nematoscolices. 

But  I  may  remark,  once  for  all,  that  the  attempt  to  estab- 
lish sharply-defined,  large  divisions  of  the  animal  kingdom  is 
futile.  The  progress  of  knowledge  every  day  renders  it 
more  and  more  clear  that  morphological  groups  are  compara- 
ble to  distributional  provinces ;  each,  however  well   marked 
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may  be  its  characteristic  features,  shades  off  at  its  margins 
into  some  other  group ;  and  the  object  of  classification  is 
simply  to  bring  into  prominence  the  morphological  types 
which  embody  these  characteristic  features. 

It  appears  to  me  impossible  to  compare  the  structure  and 
the  larval  conditions  of  a  PolyzoOn  with  those  of  a  Brachio- 
pod,  without  arriving  at  the  conclusion  that  they  are  more 
closely  allied  with  one  another  than  they  are  with  any  third 
group.  Nevertheless,  the  Polyzoa  approach  the  Rotifera^ 
and  the  Brachiopoda  the  Annelida^  on  the  one  side  ;  while 
on  the  other  they  present  unmistakable  affinities  with  the  low- 
er Mollu9ca.  At  the  same  time  the  weight  of  the  resemblances 
between  the  Polyzoa  and  the  Tatiicata^  which  led  Milne- 
Edwards  to  the  establishment  of  the  group  of  "  Molluscoldes  " 
(adopted  by  myself  under  the  title  of  MoUuscoida),  has  been 
much  lessened  by  the  progress  of  investigation. 

I  conceive  that  we  may  best  keep  these  resemblances  and 
differences  in  view  by  associating  the  Polyzoa  and  the  Pra- 
chiopoda  into  a  division  apart,  for  which  I  propose  the  name 
of  Malacosgolices  ;  in  order  to  indicate  its  relations  with 
the  Worms  on  the  one  side  and  with  the  MoUusca  on  the 
other. 

The  Tunicata  are  absolutely  distinguished  from  all  other 
iuvertebrated  animals  except  ialanoylossus,  by  the  perfora- 
tion of  the  pharynx  and  its  conversion  into  a  respiratory 
organ.* 

At  first  sight  there  appears  to  be  little  ground  for  the 
approximation  of  groups  apparently  so  widely  different  as  the 
Tunicata  and  the  Enteropneusta.  But  the  extraordinary 
similarity  in  the  structure  of  the  perforated  pharyngeal  sac  in 
the  larvae  of  Tunicates  and  of  Btdanoglossus  is  a  fact  of 
great  morphological  weight.  An  ecaudate  Appendlcidaria 
of  those  species  which  have  the  alimentary  canal  nearlv 
straight,  would  be  raarvelously  like  a  larval  Palanoglossies^ 
which  is  again  little  more  than  a  specially  modified  Turbella- 
rian.  I  think,  therefore,  that  the  Tunicata  and  the  Entero- 
pneusta  may  properly  constitute  a  division  of  Pharyngo- 

PNEUSTA. 

» I  have  alluded  above  to  the  structures  described  by  Semper  in  some  Oli- 
^oehceta  and  in  Sabella.  I  do  not  doubt  the  accuracy  of  the  description ;  but 
It  does  not  lead  me  to  conclude  that  the  structures  in  question  are  homologous 
with  either  Vertebrate,  Enteropneustal,  or  Tunicate  branchiae. 
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The  Tunicate  Pharyngopnevstay  with  their  caudate  larvae, 
may  be  supposed  to  stand  in  the  same  relation  to  the  Turbel- 
lariform  Pharyngojmeusta^  as  the  Tremdtoda^  with  their  cer- 
cariform  larvae,  to  the  Turbellaria. 

Another  very  well  marked  division  is  that  of  the  Echino- 
DEBBiATA,  the  characteristics  and  relations  of  which  have 
been  fully  discussed  in  Chapter  IX, 

Although  the  structure  and  development  of  Sagitta  have 
now  been  as  thoroughly  elucidated  as  those  of  any  animal, 
the  proper  Taxonomic  place  of  the  Chmtogndtha  is  still  an 
unsolved  problem.  The  issues,  however,  appear  to  be  nar- 
rowed to  these :  either  they  belong  to  the  Annelida,  or  to  the 
JVematoscoliceSy  or  to  the  Trichoscolices  /  or  the  Chceto- 
gnatha  are  to  be  regarded  as  an  independent  division,  allied 
to  all  these,  and  perhaps  to  the  lower  Arthropoda,  I  am  dis- 
posed to  adopt  the  last  view,  chiefly  on  the  ground  of  the 
mode  of  development  of  Sagitta,  which  is  unlike  anything  at 
present  known  to  occur  in  Aimdida,  TrichoscoUces,  Nema- 
toscolices,  or  Arthropoda. 

The  Acanthocephala  are  hardly  less  anomalous  than  the 
Choetognatha,  Taking  into  account  the  Gordia^ea  and  the 
characters  of  the  proboscis  in  the  Nematorhyncha,  there  is 
undoubtedly  room  for  the  suggestion  that  they  are  specially- 
modified  anenterous  Nematoseolices,  and  should  be  classed 
among  the  latter.  But  here,  as  in  the  case  of  the  Cestoidea^ 
there  are  many  difficulties  in  the  way  of  accounting  for  these 
anenterous  forms  by  the  supposition  that  they  are  the  results 
of  a  retrogressive  metamorphosis  of  enterate  animals. 

This  question  of  the  true  relations  of  the  anenterous  in- 
vertebrates— by  which  T  mean  not  only  those  which,  like  the 
male  Rotifers,  have  no  functional  alimentary  canal  in  the 
adult  condition ;  but  those  which,  like  the  Cestoidea  arid  the 
Acanthocephala,  never  exhibit  a  trace  of  an  alimentary  canal, 
even  in  the  embryo  ;  which  is  usually  dealt  with  so  summarily 
by  the  assumption  of  retrogressive  metamorphosis — acquires 
still  more  importance,  when  we  attempt  to  determine  the 
Taxonomic  place  of  the  Dicyemida. 

Prof.  E.  van  Beneden  has  proved  that  these  parasites  can- 
not be  dismissed,  sans  fagon,  as  retrogressively  metamor- 
phosed "  worms ;  '*  and  though  I  am  not  disposed  to  attach 
much  weight  to  the  absence  of  a  mesoderm,  on  which  Van 
25 
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Beneden  insists  as  a  distinction  between  the  Dicyemida  and 
the  Metazoay  the  manner  in  which  the  contents  of  the  axial 
cell  give  rise  to  germs  is  so  completely  unlike  anything  which 
is  known  to  obtain  in  the  3fetazoa^  as,  to  my  mind,  to  justify 
the  separation  of  the  Dicyemida  from  the  whole  of  this  divi- 
sion. On  the  other  hand,  the  similarity  of  their  development 
to  the  formation  of  metazoic  embryos  by  epiboly,  as  com- 
pletely divides  the  Dicyemida  from  all  the  Drotozoa,  It 
must  be  recollected  that  the  changes  which  are  undergone  by 
the  ciliated  embryos  are  still  to  be  discovered ;  but,  provision- 
ally, I  am  disposed  to  agree  with  Van  Beneden,  that  the  Di- 
cyemida  should  be  regarded  as  the  representatives  of  a  dis- 
tinct division,  the  Mesozoa,  intermediate  between  the  Pro- 
tozoa and  the  Metazoa,  And  without  distinctly  pledging 
myself  to  any  such  view,  I  yet  think  it  is  worth  while  to 
throw  out  the  suggestion  that  the  Cestoidea^  if  not  the 
Acanthocephala^  maj'  be  modifications  of  the  same  type, 
differing  from  the  Dicyemida  in  the  development  of  a  meso- 
derm, but  resembling  them  in  the  total  absence  of  an  alimen- 
tary apparatus. 

The  Serial  Relations  of  the  Invertebrata. — When 
the  various  groups  of  invertebrate  animals  are  compared,  it  is 
obvious  that  they  present  ver}^  different  degrees  of  morpho- 
logical complexity ;  whence  they  may  be  considered  as  terms 
in  a  graduated  progression,  in  which  the  place  of  each  group 
corresponds  broadly  with  the  degree  of  its  differentiation. 
The  lowest  JProtozoa  will  occupy  one  extreme  of  such  a  pro- 
gression, the  Arthropoda  and  the  Mollusca  the  other,  while 
the  remaining  groups  fall  into  intermediate  places.  On  at- 
tempting to  carry  out  this  serial  arrangement  into  detail, 
however,  it  will  be  found  that  no  single  series  will  suffice  to 
express  the  facts,  but  that,  starting  from  the  lowest  Protozoa^ 
we  are  led  along  various  lines,  none  of  which,  as  far  as  our 
present  knowledge  enables  us  to  judge,  can  be  traced,  with- 
out interruption,  throughout  the  whole  length  of  the  scale. 

If  we  assume,  in  the  absence  of  proof  to  the  contrary,  that 
the  Monera  have  the  simplicity  of  structure  ascribed  to  them 
by  Haeckel,  then,  on  comparing  the  Midoplastica  with  the 
Juonera,  the  different  groups  of  the  former  appear  to  be  re- 
lated to  those  of  the  latter  division,  as  if  they  were  similar 
forms  complicated  by  the  addition  of  one  or  many  nuclei. 
Protogenes  may  thus  be  considered  as  the  root  of  the  Foram- 
iniferal  series,  Protamceba  of  the  Protoplasta,  Myxastrum 
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of  the  QregarinidoB,  VampyreUa  of  the  Heliozoa^  Protomo- 
nas  of  the  FlageUata,  A  Moneran,  ciliated  over  its  whole 
siirface,  which  might  stand  in  the  same  relation  to  the  Opa- 
linina^  GataUacta^  TentactUiferaj  CilicUa^  is  at  present  im- 
known.     The  Protozoa  thus  fall  into  the  following  series  : 


Protozoa. 

II.  III. 

Protamoeba.     Myxastrum, 

Foraniinifera.     Protoplasta,     Gregarinidm,      Heliozoa. 


I. 

Protogenes. 


IV. 

VampyreUa. 


I 

Padiolaria, 


V. 

? 


Tentaculifera. 


VJ. 
? 

CataUacta. 


VII. 
Protoraonas, 

FlageUata. 


Opalinina, 
Ciliata. 


1  am  unable  to  trace  any  one  of  these  series  of  modifica- 
tions further ;  that  is  to  say,  to  find  forms  which  actually 
bridge  over  the  interval  between  any  one  of  them  and  the 
Metazoa^  though  it  is  easy  enough  to  imagine  what  such  forms 
might  be.  The  spheroidal  free-swimming  monad  aggregates, 
such  as  Uvella  and  Polytoma,  and  Magosphcera  itself,  are, 
in  many  respects,  comparable  to  Piiysemarian  or  Poriferan 
embryos ;  while  an  animal  Volvox  would  be  a  sort  of  perma- 
nent vesicular  morula.  So,  one  of  the  higher  Infusoria^  if  it 
became  multinucleate,  like  an  Opalina,  would  approach  the 
lowest  Turbellaria, 

The  axial  cell  of  a  Dicyema^  from  the  protoplasm  of  which 
its  ciliated  and  nonciliated  germs  are  produced,  is,  to  a  cer- 
tain extent,  comparable  to  the  capsule  of  a  Radiolarian; 
while,  on  the  other  hand,  a  Radiolarian  with  a  multinucle- 
ate cortical  layer  would  approach  the  structure  of  Dicyema. 
And  if  what  is  at  present  known  of  Dicyema  gives  a  just 
conception  of  the  essential  points  of  its  entire  history,  it  un- 
doubtedly, as  E.  van  Beneden  has  suggested,  represents  a 
type  intermediate   between  the  Protozoa  and  the  M^tazoa^ 
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though  it  can  hardly  be  said  to  fill  up  the  hiatus  between 
them. 

In  our  further  search  after  the  serial  relations  of  animals, 
we  must  therefore  start  afresh  from  the  lowest  Jfetazoa. 
Here  a  Zoophytic  Sebies  is  very  well  marked  ;  commencing 
with  the  Physemaria^  and  thence  diverging,  on  the  one 
hand,  to  the  Porifera^  and,  on  the  other,  to  the  Ccdenterata^ 
with  the  highest  forms  of  which  this  series  comes  to  an  end. 

A  second  gradation,  which  may  be  termed  the  Annttloid 
Series,  is  represented  by  the  Trichoscolices  and  the  Anne- 
lida, The  lowest  TurbeUaria  are  upon  nearly  the  same  level 
of  organization  as  the  Hydrozoa.  It  would  be  hard  to  dis- 
tinguish an  aproctous  Turbellarian,  devoid  of  a  ganglion  and 
water-vessels,  from  a  free-swimming  nontentaculate  Hydro- 
zo5n.  On  the  other  hand,  as  I  have  already  pointed  out,  the 
line  of  demarcation  between  the  higher  Trichoscolices  and 
the  Annelida  is  very  indistinct,  and  we  may  expect  it  to  be 
speedily  obliterated  by  the  progress  of  discovery. 

A  third  gradation  is  constituted  by  the  Nematoscolices  and 
the  Arthropoda.  The  lowest  Nematoidea  possess  no  higher 
organization  than  the  lowest  Ikerbellaria  and  the  Motifera, 

The  Nematorhyncha^  whether  they  are  really  transitional 
forms  between  the  Nematoidea  and  the  Arthropoda  or  not, 
at  any  rate  indicate  the  road  by  which  the  transition  may  be 
eflPected ;  and  I  am  much  inclined  to  think  that  the  Chceto- 
gnatha  may  occupy  a  place  in  this  series.  The  oral  armature 
of  Sagitta  may  be  regarded  as  a  modification  of  the  oral 
spines  of  Echinoderes^  and  its  nervous  system  is  as  much 
Arthropodal  as  is  that  of  the  Pentastomida.  This  may  be 
called  the  Arthrozoio  Series. 

A  fourth  series  is  that  which  I  shall  term  the  Malacozoic 
Series.  It  includes  the  Malacoscolices  and  the  Molhisca, 
The  entoproctous  Polyzoa  form  the  lowest  term  of  this  series. 
The  resemblances  of  the  Polyzoa  with  the  Motifera  (e.  g., 
with  Stephanoceros)  have  often  been  remarked,  and,  indeed, 
insisted  upon,  with  too  little  regard  to  the  differences  which 
are  established  bv  the  water- vessels  and  the  peculiar  pharyn- 
geal armature  of  the  Rotifers.  Nevertheless,  these  resem- 
blances are  important  as  far  as  they  pro,  and  in  grade  of  or- 
ganization the  two  groups  are  much  upon  the  same  level.    On 
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tbe  otber  hand,  the  comparison  of  a  PolyzoOn  with  a  larval 
Lamellibranch  or  Grasteropod,  or  with  a  Pteropod,  leaves  no 
doubt  in  my  mind  that  the  Malacoscolices  have  the  same  rela- 
tion to  the  MoUuaca^  as  the  IVichoscolices  to  tbe  Annelida, 

A  fifth  gradation  is  presented  by  the  Tunicata  and  the 
Enteropnettsta^  which  constitute  the  Phaeyngopneustal 
Series.  I  do  not  regard  the  Hjnteropneusta  as  of  distinctly 
lower  organization  than  the  Tunicata^  but  rather  as  a  col- 
lateral group;  and  I  conceive  it  to  be  probable  that  some  lower 
forms,  connecting  the  JEJnteropnensta  and  the  Tunicata  with 
one  another  and  with  the  Trichoscolices^  will  yet  be  found. 
However  this  may  be,  Appendicvlaria  presents  a  grade  of 
organization  but  little  higher  than  that  of  the  Polyzoa, 

A  sixth  gradation  is  represented  by  the  Echinodermal 
Series.  Like  the  foregoing,  this  series  at  present  stands 
isolated,*  no  annectent  forms  between  the  Echinoderms  and 
higher  or  lower  groups  being  known.  On  the  ground  of  the 
uniformity  of  character  of  the  larvae  of  the  Echinoderms, 
however,  there  can  be  little  doubt  that,  if  ever  such  forms  are 
discovered,  they  will  prove  to  be  allied  to  the  Gephyrea^  the 
Trichoscolices,  and  the  Miteropneusta, 

Thus  the  study  of  t!ie  gradations  of  structure  among  the 
Metazoa  leads  to  the  conclusion  that  they  fall  into  six  series, 
which  may  be  arranged  in  the  following  tabular  shape : 

Series. 
I.  II.  III. 

ZOOPHYTIC.  EcHIJSrODERMAL.  PhARYNGOPNEUSTAL. 

Coelenterata.     Echinodermata.    Enteropneusta,     Tunicata. 

Porifera, 

Physemaria, 


IV. 

V. 

VI. 

Malacozoic. 

Am  14  ULOID. 

Arthrozoic. 

MoUu9ca. 
MaiacoacoHces. 

Annelida. 
Trichoacolices. 

Arthropoda. 
Cfwetognatha  (?). 
Nematoscolicea, 

>  I  say,  at  present,  inasmuch  as  the  characters  of  the  nervous  system  sharp* 
ly  separate  the  most  vermiform  of  the  Eohinalerms  iVom  the  most  Echinoderm- 
like  Uephyrea* 


582         THE  ANATOMY  OF  INVERTEBRATBD  ANIMALS. 

The  lowest  known  term  of  the  Arthrozoio  series  is  a  Nema- 
told  worm  ;  that  of  the  Annuloid  series  is  a  low  Turbellarian 
or  Rotifer ;  that  of  the  Malacozoic  series  is  an  entoproctous 
PolvzoOn  ;  that  of  the  Pharyngopneustal  series  is  probably 
most  nearly  exemplified  by  the  young  larva  of  BalanogloB- 
8US  ;  that  of  the  Echinodermal  series  by  the  vermiform  JSchi- 
nopoedium. 

But  the  differences  between  one  of  the  simpler  Nematoid 
worms,  an  aprostous  Turbellarian,  a  Rotifer,  an  Echinopaedium, 
and  a  PedicelUna^  are  relatively  so  small,  that  all  six  series 
may  be  said  to  converge  toward  a  common  form  ;  and  that 
common  form,  when  the  special  characters  of  each  group  are 
eliminated,  and  the  alimentary  canal  is  reduced  to  its  primi- 
tive aprootous  condition,  would  be  exceedingly  similar  to  a 
Physemarian. 

Hence  the  consideration  of  the  gradations  of  structure 
which  are  presented  by  the  various  series  of  Invertebrated 
animals,  irresistibly  leads  to  the  conclusion  that  the  whole  of 
the  Metazoa  may  be  conceived  as  diverse  modifications  of  a 
common  fundamental  plan. 

The  Serial  Relations  op  the  Invertebrata  com- 
pared WITH  the  Results  of  Embryology. — The  conception 
of  the  unity  of  organization  of  the  lavertehrata  thus  reached, 
so  far  as  it  is  based  upon  the  comparison  of  adult  structures, 
is  purely  ideal ;  and  the  study  of  the  development  of  individ- 
ual animals  is  alone  competent  to  decide  the  question  whether 
this  ideal  unity  has  a  foundation  in  objective  fact.  But  the 
history  of  the  development  of  animals  appertaining  to  every 
group  of  the  Invertebrata  which  has  been  given,  bears  out 
the  statement  which  is  made  in  the  Introduction,  that  the 
ideal  unity  has  such  a  foundation  in  fact ;  inasmuch  as  all 
these  animals  commence  their  existence  under  the  same 
form — that,  namely,  of  a  simple  protoplasmic  body,  the  ovum 
or  germ. 

In  the  Introduction  I  have  said  that,  "  among  the  lowest 
forms  of  animal  life,  the  protoplasmic  mass  which  represents 
the  morphological  unit  may  be,  as  in  the  lowest  plants,  devoid 
of  a  nucleus  "  (p.  18).  However,  as  I  have  remarked  at  the 
commencement  of  this  chapter,  until  the  search  for  the  nucleus 
has  been  instituted  afresh,  with  the  help  of  such  methods  as 
have  recently  proved  its  existence  in  the  Foraminifera^  I 
think  it  will  be  wise  to  entertain  a  doubt  whether  any  of  the 
Monera  are  really  devoid  of  this  amount  of  structural  differ- 
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entiation  ;  and  the  tendency  of  recent  investigations  appears 
to  render  it  very  questionable  whether  the  nucleus  of  the 
ovum  ever  really  disappears,  whatever  may  be  the  modiiica- 
tions  undergone  by  the  germinal  vesicle  and  its  contents.  I 
shall,  therefore,  assume  provisionally,  that  the  primary  form 
of  every  animal  is  a  nucleated  protoplasmic  body,  cytode^  or 
cdl^  in  the  most  general  acceptation  of  the  latter  term. 

Whether  the  primary  cytode  possesses  a  nucleus  or  not, 
the  important  fact  remains  that,  in  its  earliest  condition, 
every  in vertebrated  animal,  if  it  were  competent  to  lead  an 
independent  existence,  would  be  classed  among  the  I^otozoa. 

The  first  change  which  takes  place  in  the  development  of 
the  embryo  from  the  primitive  cytode,  or  impregnated  ovum, 
in  all  the  Metazoa^  is  its  division  ;  and  the  simplest  form  of 
division  results  in  the  formation  of  a  spheroidal  or  discoidal 
mass  of  equal,  or  subequal,  derivative  cytodea^  the  blasto- 
meres.  Next,  the  morula^  thus  formed,  generally  acquires  a 
central  cavity,  the  blastoccele^  and  becomes  a  hollow  vesicle, 
the  blastosphere,  the  wall  of  which,  composed  of  a  single  layer 
of  blastomeres,  is  the  blastoderm. 

The  blastomeres  of  the  blastoderm  next  undergo  dififeren- 
tiation  into  two  kinds,  distinguished  by  their  internal  activi- 
ties, if  not  by  their  outward  form.  Of  these  the  one  set  con- 
stitute the  epiblast^  the  others  the  hypoblast  The  further 
chan&^es  of  the  embryo  are  the  consequences  of  the  tendencies 
toward  further  modification  resident  in  the  epiblastic  and  hy- 
poblastic  blastomeres  respectively.  Each  of  these  is,  as  it 
were,  a  germ,  whence  certain  parts  of  the  adult  organism  will 
be  evolved. 

Every  series  of  the  Invertebrata  has  now  yielded  a  num- 
ber of  examples  of  the  further  modification  of  the  blastosphere 
by  the  process  of  invagination^  or  emboly^  the  result  of  which 
is  that  the  hypoblast  becomes  more  or  less  completely  inclosed 
within  the  epiblast.  The  invagination  is  accompanied  by  the 
diminution,  or  even  abolition,  of  the  blastocoele,  and  the  for- 
mation of  a  cavity  inclosed  within  the  hypoblast,  which  is  the 
archenteron^  or  primitive  alimentary  cavity.  The  opening 
left  by  the  approximated  edges  of  the  epiblast,  when  the  pro- 
cess of  invagination  is  completed,  and  by  which  the  archente- 
ron  communicates  with  the  exterior,  is  the  blastopore.  In 
this  state  the  embryo  is  a  gastrula,  . 

It  very  commonly  happens  that  the  process  of  develop- 
ment is  modified  by  an  inequality  in  the  size  of  the  blasto- 
meres ;  which  inequality  may  be  manifest  from  the  bisection 
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of  the  ovum,  or  may  appear  later.  In  this  case,  it  usually 
happens  that  the  smaller  and  more  rapidly-dividing  blasto- 
meres  belong  to  the  epiblast,  and  the  larger  and  more  slowly 
dividing  to  the  hypoblast.  Moreover,  no  blastocoele  may 
arise,  and  the  process  of  inclusion  of  the  hypoblast  within  the 
epiblast  may  have  the  appearance  of  the  growth  of  the  latter 
over  the  former,  or  what  is  termed  epiboly  /  while  the  archen- 
teron  may  not  be  formed  within  the  hypoblast  till  very  late.    ^ 

When,  in  cases  of  epiboly,  the  blastoderm  is  small  in  rela- 
tion to  the  vitellus,  the  epiblast  and  hypoblast,  at  their  first 
appearance,  necessarily  adapt  themselves  to  the  surface  of  the 
yelk ;  and  thus  the  gastrula,  instead  of  having  the  form  of  a 
deep  cup,  becomes  more  or  less  flattened  and  discoidal. 

I  am  inclined  to  believe  that  all  the  various  processes  by 
which  the  gastrula  or  its  equivalent  are  produced,  are  reduci- 
ble to  epiboly  and  emboly.  Even  when  the  epiblast  and  the 
hypoblast  appear  to  be  formed  by  delamination^  or  the  split- 
ting into  two  layers  of  cells  of  a  primitively  single-layered 
blastoderm,  there  seems  little  doubt  that  what  happens  is 
either  the  very  early  inclusion  of  the  hypoblastic  blastomeres 
within  those  which  give  rise  to  the  epiblast,  or  a  very  late 
and  inconspicuous  ingrowth,  or  invagination,  of  the  hypoblas- 
tic region  of  the  blastoderm. 

If  we  employ  the  term  gastrula  in  the  broad  sense  defined 
above,  it  may  be  truly  said  that  every  metazoOn  passes  through 
the  gastrula  stage  in  the  course  of  its  development.  The 
question  whether  the  mode  of  development  of  the  gastrula 
by  emboly  is  primitive,  and  that  by  epiboly  secondary ;  or 
whether  epiboly  is  primary  and  emboly  secondary;  or  whether 
the  two  processes  have  originated  independently,  is  of  sec- 
ondary importance,  and  belongs  to  the  debatable  ground  of 
phylogeny.' 

The  meaning  of  the  difiPerentiation  of  the  aggregate  of 
cytodes,  of  which  the  body  of  a  simple  metazoon  is  composed, 
into  a  hypoblastic,  or  endodermal,  and  an  epiblastic,  or  ecto- 
dermal, group,  is  to  be  sought  in  the  physiological  division  of 
labor,  which  is  the  primary  source  of  morphological  changes. 
It  is  a  separation  of  the  aggregate  of  morphological  units  into 
one  set  with  a  specially  nutritive,  and  another  set  with  a  spe- 
cially motor  and  protective,  function.  It  is  quite  possible  to 
conceive  of  an  adult  metazoon  having  the  structure  of  a  sponge- 

^  Compare  Haeckel,  "  Studien  zur  Gastraea-Theorie,"  in  his  "  Bioloffische 
Studien,»^1877. 
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embryo ;  moving  by  its  ectodermal  hemisphere,  and  feedings 
by  its  endodermal  hemisphere. 

The  next  advance  in  organization  of  such  a  raetazoOu 
would  doubtless  consist  in  the  more  complete  extension  of 
the  protective  layer  over  the  nutritive  layer,  with  due  pro- 
vision for  the  access  of  the  surrounding  medium  to  the  latter. 
It  is  obvious  that  this  advance  might  be  effected  in  either  of 
two  ways :  the  one  by  emboly,  the  other  by  epiboly.  In  the 
former,  the  blastopore  would  be  left  as  the  aperture  of  com- 
munication of  the  endoderm  with  the  exterior;  and  the  result 
would  be  the  formation  of  an  archceostomatous  gastrula,  such 
as  that  which  is  supposed  by  Haeckel  to  be  the  primitive  form 
of  the  metazoon.  In  the  latter,  the  blastopore  would  com- 
pletely close  up,  and  a  new  aperture  or  apertures  must  be 
formed  in  the  ectoderm  to  subserve  the  ingestion  of  nutria 
ment.  The  resulting  organism  would  be  a  deuterostomatou^ 
gastrula. 

Undoubtedly  it  seems  natural  to  suppose  that  the  first; 
process  preceded  the  second,  in  order  of  evolution ;   but  th^ 
proof  that  it  did  so  is  at  present  wanting.     And,  howev^^ 
this  may  be,  the  progress  of  inquiry  seems  to  throw  more  ati,^ 
more  doubt  upon  many  cases  of  the  supposed  persistence   ^^ 
the  blastopore  as  the  mouth.     It  is  certain  that,  in  the  gr^^^ 
majority  of  invertebrated  animals,  the  blastopore  either  Vk^ 
comes  the  anus,  or  closes  up;  and  renewed  observations    ^^^^^ 
needed  to  determine  the  limits  withm  which  the  archseostot^^^ 
tons  condition  prevails.  ,  i       v i.  ^ 

The  blastocoele  of  the  gastrula  may  be  obliterated  by  vu 
approximation  of  the  epiblast  and  the  hypoblast,  or  it    x^*^^ 
persist  and   constitute  the  peHenteron,  or  primitive  p^^^^^ 

ceral  cavity.  *  .      ,    .      j  i.  -,.  .  ^^ 

Those  animals  which,  in  their  adult  condition,  most  xi 
represent  simple  gastrulae  with  obliterated  blastocoele    ^^^^^ 
PhysemaricL  and   Hydra,  cup-shaped  bodies  witK    4.^^^  ^^ 
opening   at   one   end,  the  walls  of  which  are  made  vlt^      •  ^>? 
of  an  ectoderm^  and  an  endoderm.  «*  ^^^Xvj 

In  the  great  majority  of  the  Metazoa^  a  further  a.^ 
complication  is  effected  by  the  appearance,  betweeTT^?"^ 
blast  and  the  hypoblast,  of  cytodes,  either  isolate^AA^^^ 
continuous  layer,  which  constitute  the  mesoblast,  ^^^  ^>r  i 
aUv  are    converted  into  mesodermal  structures.  ^iS  ^Ve 

1  T  do  not   tliinfe  tliat  Kleinenberg's  fibres  in  Hydra  at^   ^^ 
mesod^rtSou^li  they  occupy  the  position  of  one.   ^^^  *^c«tV 
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of  these  is  still  a  matter  of  doubt,  but  in  many  cases  it  ap- 
pears to  be  unquestionable  that  they  are  derived  from  the 
hypoblast. 

The  perienteron,  more  or  less  interrupted  and  broken  up 
by  the  constituents  of  the  mesoblast,  may  give  rise  directly  to 
the  perivisceral  space,  or  channels,  of  the  adult,  which  thus 
constitute  a  schizocoele.  It  is  hardly  doubtful,  I  think,  that 
the  perivisceral  cavity  takes  its  origin  in  this  manner  in  the 
Hotifera,  the  entoproctous  Polyzoa^  the  Echinopsedia  of  the 
Echinoderms,  the  Tunicata^  and  the  Nematoidea, 

On  the  other  hand,  in  many  Jnvertebrata,  one  or  more  di- 
verticula of  the  archenteron  extend  into  the  perienteron  and 
its  contained  mesoblast.  Sometimes,  as  in  the  Ccdenterata^ 
these  remain  connected  with  the  alimentary  cavity  through- 
out life,  and  are  termed  gastrovascular  canals.  In  other  cases 
{Echinodermata^  Brachiopoda^  Choetogndthd)  they  become 
shut  ofiF ;  their  cavities  constitute  a  variously -modified  entero- 
cede;  and  their  walls  give  rise,  along  with  the  primitive 
mesoblastic  elements,  to  the  mesoderm. 

To  which  of  these  two  possible  sources  of  the  mesoderm, 
the  mesodermal  structures  of  the  Annelida  and  the  Arthro- 
poda^  which  so  very  generally  take  on  the  form  of  two  longi- 
tudinal germ-bands  in  the  embryo,  and  subsequently  undergo 
segmentation,  are  to  be  referred,  is  a  very  interesting,  but,  as 
yet,  unsolved  problem.  It  is' possible  that  they  are  solid  rep- 
resentatives of  the  hollow  diverticula  which,  in  other  animals, 
give  rise  to  the  enterocoele ;  in  which  case  the  perivisceral 
cavity  in  these  animals  will  be  a  virtual  enterocoele.  On  the 
other  hand,  they  may  merely  represent  the  cells  of  the  meso- 
blast of  the  entoproctous  Polyzoa  and  of  the  Echinopaedia, 
and  their  perivisceral  cavity  would  then  be'  a  schizocoele.  But 
it  is  needless  to  pursue  this  topic  further  ;  enough  has  been 
said  to  show  conclusively  that,  however  different  one  inver- 
tebrated  animal  may  be  from  another,  the  study  of  develop- 
ment proves  that  each,  when  traced  back  through  its  embry- 
onic states,  approaches  the  earlier  stages  of  all  the  rest ;  or, 
in  other  words,  that  all  start  from  a  common  morphological 
type,  and  even  in  their  extremest  divergence  retain  traces  of 
their  primitive  unity. 

It  is  very  important  to  remark  that  these  morphological 
generalizations,  so  far  as  they  are  correctly  made,  are  simple 
statements  of  fact,  and  have  nothing  to  do  with  any  specula- 
tions respecting  the  manner  in  which  the  invertebrated  ani- 
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mals  with  which  we  are  acquainted  have  come  into  exist- 
ence. They  will  remain  true,  so  far  as  they  are  true  at  all, 
even  if  it  should  be  proved  that  every  animal  species  has 
come  into  existence  by  itself  and  without  reference  to  any 
other.  On  the  other  hand,  if  there  are  independent  grounds 
for  a  belief  in  evolution,  the  facts  of  morphology  not  only 
present  no  difficulty  in  the  way  of  the  hypothesis  of  the  evo- 
lution of  the  Invertebrata  from  a  common  origin,  but  readily 
adapt  themselves  to  it. 

Hence  the  numerous  phylogenic  hypotheses  which  have 
of  late  come  into  existence,  and  of  which  it  may  be  said  that 
all  are  valuable,  so  far  as  they  suggest  new  lines  of  investi- 
gation, and  that  few  have  any  other  significance.  I  do  not 
desire  to  add  to  the  number  of  these  hypotheses ;  and  I  will 
only  venture  to  remark  that,  in  the  absence  of  any  adequate 
palaBontological  history  of  the  Invertebrata^  &ny  attempt  to 
construct  their  Phylogeny  must  be  mere  speculation. 

But  the  oldest  portion  of  the  geological  record  does  not 
furnish  a'  single  example  of  a  fossil  which  we  have  any  rea- 
sonable grounds  for  supposing  to  be  the  representative  of  the 
earliest  form  of  any  one  of  the  series  of  invertebrated  ani- 
mals ;  nor  any  means  of  checking  our  imaginations  of  what 
may  have  been,  by  evidence  of  what  has  been,  the  early  his- 
tory of  invertebrate  life  on  the  globe. 

Already  indications  are  not  wanting  that  the  vast  multi- 
tude of  fossil  Arthropods,  Mollusks,  Echinoderms,  and  Zoo- 
phytes, now  known,  will  yield  satisfactory  evidence  of  the 
filiation  of  successive  forms,  when  the  investigations  of  pa- 
laeontologists are  not  merely  actuated  by  the  desire  to  dis- 
cover geological  time-marks  and  to  multiply  species,  but  are 
guided  by  that  perception  of  the  importance  of  morphological 
facts  which  can  only  be  conferred  by  a  large  and  thorough 
acquaintance  with  anatomy  and  embryology.  But,  under 
this  aspect,  the  palaeontology  of  the  Invertebrata  has  yet  to 
be  created. 
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Gercariie,  58, 180-188. 
Gereantbus,  145. 
Gestoidea,  56, 157, 188, 67& 
Gestracion,  69. 
Getacea,  69. 
GbiBtoderma,  til. 
Gbaetogaster,  198, 194. 
Cbffitognatba,  640,  677,  686. 
**  Gballenger  ^^  expedition,  68, 70, 79, 8L 
Gbanges,  cyclical,  in  living  matter,  10. 
Gbara,21. 

Gbemical  composition  of  living  mattar,  9. 
Gblck,  19. 
Gbilodon,  98.^ 
Gbilognatba,%7,  88a 
Gbilopoda,  887. 

Gbitonidse,  480, 481, 484, 671, 678. 
Gblamydomonas,  46. 
Gbloneroa,  210. 
Gbloropbyll,  45,  97. 
Gbondracantbns  gibbosus,  887-8il. 
Gbromatopbores,  446. 
Gicadffi,865,877. 
Cidaris,  487. 
alia,  29,  78. 
Gillata,  98-101. 
Girculatory  apparatus,  66. 
Girripedia,  221,  268. 
Gladocera,  242. 

Glassification  of  living  ibrmt,  88. 
Glepsine,  190-192, 6^-671. 
Glimate  in  relation  to  animal  UliB,  60. 
Cliona,  107. 
GUonide,  110. 
Glypeastroida,  489. 
Gockroach,  848. 
GodonoBca,  90. 
Godonellida,  9& 
Gododiga,  00. 
Goelenterata,  45,  60,  61,  66, 108, 109, 110,  llfl^ 

574,  586. 
Ooenorus,  186. 

Gold,  action  of  on  living  matter,  IS. 
GoleocbflBte,  46. 
Goleoptm^,  866, 876, 877. 
Collembola,  880, 868, 868. 
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Gonosphcra,  85. 
Golpoda,  62,  9&  96, 9a 
Comatula,  86,  ST. 

(Antedon),  600. 

CoDJugation,  SI,  74. 
Contractile  tissae,  29. 

vacuole,  73. 

Copepoda,  68,  234,  286,  800-802. 

Coralligrena,  188,  574. 

Corallines,  890. 

Coralllte,  189. 

Coralliam  rabmm,  144. 

Corals,  110. 

Cordylophora^  86,  37. 

Ooryne,  118. 

Crayfish,  276,  284-286. 

Crickets,  876, 878. 

Crinoidea,  466, 497. 

Crocodilia,  26. 

Crustacea,  21,  26,  58,  66,  222-226, 678. 

Cryptogamia,  82. 

Ciytophialus,  261. 

CtenoDrai]chia,489,  444. 

Ctenophora,  58,  68, 68, 188, 168, 162, 192, 674. 

CuculIiaDus  elegans,  648,  650. 

CumaBathkii,808. 

Cumacea,  264,  808. 

Cunina,  668. 

rhododactyla,  186. 

Cyamus,  813. 
Cyansea,  86. 

capillata,  184. 

Cyclops,  284, 285, 560. 
Cyclostomata,  489. 
Oydippe  (PleurobrachJa),  166. 
Cymothoa,  814, 817. 
Cymothoadae,  816. 
Cynthia,  299. 
Cyprsea  Europaoa,  420. 
Cypris,  251,  262. 
Cystic  worm,  186. 
C^stloercns,  184,  186. 
C^stidea,  508. 
Cythere,  251,  262. 


DALiiAinTES,  227. 
Daphnia,  247,  248. 
Decapoda,  462. 

Deep-sea  fi&una,  26,  68,  80,  81. 
Dendrocoela,  160. 
Dentalidffi,  480, 431. 
Dentalium,  422. 
Dermis  (enderon),  56. 
Desmidise,  89. 
Development,  17, 19,  66. 
Diatomaceas,  12,  76,  80,  89. 
Dibranchiata,  460-466. 
Diceras,  406. 
Dicoryne  conferta,  119. 
Dictyocy8t»,  76. 
Dictyocystida,  98. 
Dicyema,  579. 
Dicyemlda,  558,  677,  678. 
Didemnum  styliferum,  626, 
Dldinium,  98. 

serpula,  18. 

Differentiation,  20* 


Dimyaria,  412. 

DiphydfiB,  181. 

Diphyes  appendlcnlata,  126. 

Diphyllidea,  187. 

Diphyozooid,  126, 181. 

Diplozoon  paradoxom,  88, 182. 

Dipnoi,  60. 

Diporpa,  88,  182. 

Diptera,  866,  876,  881. 

Discophora,  118, 121   182-185u 

Diaintegration  of  living  matter,  10. 

Distoma,  179. 

Distribution,  16,  24-26,  67-69. 

Dog-louse,  187. 

Dogs,  retrieving  o^  86. 

DoUolum,  614,  618,  52& 

denticulatnm,  629. 

"  Double  circulation,"  60. 
Dragon-flies,  221. 
Dysteria,  98. 


Earthwosm,  198. 
Echeneibothrium,  187. 
Echinidea,  56,  466,  486, 488,  489. 
Echinococcus,  184. 

veterinomm,  186. 

Echlnoderes,  171. 

Echinodermal  series.  681, 682. 

Echinodermata,  26,  86,  68-66,  466, 677,  686. 

Echinoida,  489. 

EchinopsBdium,  54, 466, 481,  606, 668. 

Echinorhynchus,  558. 

Echinus,  486. 

sphaent,  487, 488. 

Ectoderm,  65,  56. 
Ectoprocta,  894,  671,  672. 
Ectosarc,  74. 
Edrioasterlda,  608. 
Edriophthalmia,  810. 
Elytron,  204. 
Embryology,  42, 60,  688. 
Empusa,  45. 
Endoparasltes,  182. 
Endoplast,  48,  74. 
Endoplastica,  78,  82. 
Endoprocta,  571. 
Endosarc,  74. 
Endostyle,  611. 

Enteropneusta,  69,  568,  576, 681. 
Entoconcha  mirabilis,  440. 
Entogastric  gemmation,  186,  668L 
Entomostraca,  224,  284. 
Entoprocta,  894. 
Eozoon,  72. 

canadense,  82. 

Eplblast,  21,  61. 
Epidermis  (ectoderm),  60. 
Epigenesis,  19. 
Epimera,  268. 
Epizoa.  287. 
Equidae,  26. 
Ergasilus,  241. 
Eristalis  floreus,  868. 
Errantia,  206,  207. 
Ervilia,  98. 
Estheria,  248-250. 
Euazea,  199,  660,  670. 


592 


INDEX. 


Eoglena,  12. 

yiridlB,  90. 

Euphaasia,  807. 
Eaplectella!,  110. 
Eorypterida,  282, 284. 
Enrypterus  remiptifl, ' 
Evolation,  40. 


FAinLins,  28. 

FauDa,  oldest  known,  72.    Se6  Foflalls. 

Fannffi,  disedmilar,  24. 

Fecundation,  88, 84. 

Ferns,  21. 

Fibrospongia,  109, 110. 

Fishes,  69-65. 

Fish-lice,  287. 

Fission,  81. 

Flagellata,  89-95. 

Flagellum,  78. 

Fleas,  860. 

FUes,  866, 

Florae,  dissimilar,  24. 

Floridefle,88. 

Flower-buds,  21. 

Food-vacuole,  90. 

Food-yelk,  82. 

Foraminifera,  48,  68,  77-82,  86, 86,  574. 

Fossils  ;  succession  of  spedes,  distribation, 

etc.,  24,  25, 40, 48,  68,  71,  81, 186,  158,  226, 

263,  268,  810,  817,  842,  416,  448,  459,  468, 

488,507. 

Cambrian,  82. 

carboniferous,  508. 

cretaclous,  82, 110,  417. 

devonian,  250,  482, 460. 

lanrentlan,  82. 

lias,  466. 

limestone,  81,  82, 168. 

——  mummulitic,  82. 

sUurian,  82, 187,  282, 261,  807,  481,  486, 

607. 

Solenhofen  slate,  186. 

trias,  466. 

Fowl,  88. 

Frfnging-reefls,  150. 
Functions,  27,  64. 
Fnnfiri,12,20,27,82,88,45. 
Fungid£B,  146, 161. 

G 

Galbodes,  826. 

Gamogenesis,  82. 

Ganoids,  60. 

Gasteropoda,  404, 482. 

Gasterostomum,  1 82. 

Gasterotricha,  170. 

Gastnea,  51. 

Gastrophysema,  107, 110. 

Gastrula,  107. 

Gecardnus,  296. 

Gemmation,  80,  626l 

Generation,  80-82. 

Genus,  28. 

Qephyrea,  59, 189, 216, 670,  678, 574. 

Geryonia,  568. 

Geryonldn,  117, 186. 

Glasft-^rabii,  80a 


Globigerina,  40, 79-88. 
Glossocodon,  115. 
Gnathites,  224, 286. 
Gomphonema,  75, 96. 
Gonodactylus,  819. 
Graafian  follicles,  66, 880. 
Graptolites,  187. 
Gregarina,  78,  87,88. 

gigantea,  88,  89, 96. 

Gregarinid8B,.86-88,  574. 
Gromia,  78. 
Gromidee,  79. 

Growth  of  animals  and  plants,  10. 
Gymnolemata,  895. 
Gymnophthalmata,  118. 
Gymnosomata,  485-487. 
Gyrodactylus,  182. 


Haliotib,  428. 

Haliphysema,  107, 110. 

Halisarca,  107, 110. 

Heat,  eifect  oil  on  living  matter,  11. 

Hectocotylus,  461. 

HelicidiB,  442. 

Heliopora  csemlea,  148. 

Heliozoa,  568, 574. 

Helix,  428, 442. 

pomatia,  448. 

Hemiptera,  865,  866. 
Hereaitary  transmission,  85k  41, 
Hermaphrodites,  182,  192, 198,  224, 41&  448, 

484,551. 
Heteromorphee,  69. 
Heteronereis,  215. 
Heteropoda,  424,  426,  489. 
Heterotricba,  95. 
Hexacoralla,  145-147. 
Hippuritidae,  417. 
Hirudinea,  189, 190,  192,  194,  218,  669,  6T4, 

575. 
Hh*udo  taiedicinalis,  190, 191. 
Histology,  16. 
Histriobdella,  189-192. 
Holomyaria,  549. 
Holothuria,  158. 
Holothuridea,  59,  466-168. 
Holotricha,  95. 
Homanis,  66. 
Humming  of  Insects,  228. 
Hyalonema,  110. 
Hydatina  senta,  168. 
Hydra,  56,  62,  68,  ll^  118,  686. 
Hydractlna.  66, 116. 
Hydranth,  110. 
Hydrophilus  plceus,  865. 
Hydrophora,  118, 182. 
Hydrophyllia,  117. 
Hydrosoma,  116, 117. 
Hydrotheca,  117. 
Hydrozoa,  86,  65, 107, 110, 182-1B8, 168-16^ 

674,  575. 
Hymenoptera,  869. 
Hopoblast,  21, 61. 
Hypotricha,  95. 


lOBTHTOPSXDA,  57. 

Idoteidn,  816. 
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Imperfbrata,  T9. 

Impregnatioo,  81. 

Inarticalatft,  408. 

Infasoria,  12,  20,  88, 45, 48,  74^  77, 80-91, 94, 

99-106,157,566,574. 

cillAta,  80. 

flageU&tft,  89, 90. 

tentacnliferft,  89. 

iDBecta,  21,  59,  67, 224, 81«,  842, 872-888^  578. 
InaectiToroas  plants,  44. 
Integumentary  organs,  66. 
Invertebrata,  moiphological  tyx)e8  among, 

49. 
Isocardia,  406. 
Isopoda,  818. 
lulas,  842. 
Ixodes  ridnns,  880. 


jAinCLLIDiK,  441. 

Jaws,  66. 
Jelly-fishes,  110. 


Labhtm,  in  insects,  206. 

Lacinularia,  168-171. 

Leemodlpoda,  818, 816. 

Lamellibranchiata,  404, 406, 578. 

Lampyris  splendidula,  879. 

Laomedea,  120. 

Larvae,  66,  164,  166,  169,  170,  179,  218,  214, 

247, 268,  819,  882,  889,  866,  871,  876, 886- 

888,  402,  408,  467,  660,  568, 682. 
Leeches,  189,  670. 
Lepadidffi,  260. 
Lepas,  254-260. 

anstralis,  268. 

Lepidoptera,  866, 876, 877, 881. 

Leptopiana,  162. 

Lemae,  241 . 

Lemfleodiscns  porcellanflB,  268. 

Lencifer,  299. 

Leuoones,  106, 110. 

Lice,  868. 

Lieberkuhnla,  78. 

Ligula,  182. 

Lima,  408. 

Liraacidffi,  440. 

Limax,  428,  427-429. 

Limnetis,  247-249. 

brachvumg,  249. 

Limpets,  ^8. 
limulos,  22&-286, 828. 

molnccanus,  228. 

polyphemus,  281. 

linens,  165. 

Linfmatula,  820,  884. 

Lingula,  897,401. 

Lithocysts,  116. 

Lituitidse,  79. 

Living  matter,  properties  oi,  9-42. 

Lobster,  264. 

Locnstidse,  878. 

Loxosomma,  894,  416,  571. 

Lncemaria,  122, 128, 182, 187, 188. 

LnmbricQS,  198-195. 

LnngB,60. 

Lymnnns,  427, 429. 

palnstrls,  428. 


Magbobiotitb  Schnltxei,  888. 

Macrostomom,  158-160. 

Macmra,  281,  298-299. 

Madrepores,  147. 

Madreporite,  489. 

Magosphsera,  89. 

MalaeobdeUa,  189-192,  670,  676w 

Malacoscollces,  676,  680. 

Malacostraca,  224, 264. 

Malacozoic  series,  680. 

MaUophaga,  862,  868. 

Manubrinm,  116. 

MastiTODods,  78. 

Meandrfna,  161. 

Medusie,  86, 87, 110,  116-118,  576. 

Megalopa,  802,  808. 

Meromyaria,  549. 

Merostomata,  224, 227. 

Mesoblast,  21. 

Mesoderm,  56,  66. 

Mesotrocha,  214. 

Mesozoa,  678. 

MetaboIa,861. 

Metamorphosis,  66, 886. 

Mecazoa,  48,  51-^,  102, 110, 166, 171, 578, 582, 

688,586. 
Microstomam,  168. 
MUiolidaB,  79. 

Millepores,  147, 148, 161, 168. 
Millipedes,  887. 
Mites,  829.  ^ 

Moisture,  eflfect  ol^  on  living  matter,  11. 
Molar  motion,  27. 
MoUusca,  66-61,  76,  889,  404,  572,  678,  680, 

581. 
Monads,  88, 89, 46,  77,  86,  89,  90, 108. 
Monera,  78,  77.  85,  674,  678, 688. 
Monomyaria,  412. 
Monostomnm  mutabile,  170. 
Morphological  species,  22. 
Morphology,  16. 
Morula,  48. 
Moths.  88. 
Muoor,  88. 
Munna,  810. 
Muscular  tissue,  27, 89. 
Mussel,  407,  416. 
Mygale  Blondii,  828. 

oementaria,  827. 

Myriapoda,  69,  224, 842, 678. 
Mysis,  291,  299, 808, 817. 
Mytilus,  409,  417. 
Myxastrum  77,  86. 
Myxodictynm,  76,  77. 
Myxomycetes,  18, 46,  86. 
Myxopods,  78,  75,  82,  88. 
Myxospongiie,  109, 110. 
Myzostomata,  587, 674. 

N 

Nair,  198, 194. 

Naked-eyed  mednssB,  118. 

NaupIiuB,  284, 287, 247, 268, 268-268,800-808, 

807. 817,  881,  888. 
Nautilns.  64.  66.  69,  447-466. 
Nebalia,242,247,248. 
Nematoidea,  82,  646, 576. 
Nematnphores,  119. 
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NematorhTDcha,  609,  6T6. 
NematoBCoUces,  576,  680. 
Nemertide,  166, 166. 
Neomenia,  671. 
Nephelis.  192. 
Nerve,  27,  29. 
Nervous  system,  61. 
Nearoptera,  866,  876, 877. 
Noctiluca,  46,  90-92. 
Notodelphys,  241,  242. 
Notommata  tardigrada,  170. 
Nova  Scotian  coal  fossils,  842. 
Nacleus,  17,  48,  74. 
Nucuia,  408, 416. 
Nudibraochlata,  424, 487, 488. 
NuUipore,  15(>,  151. 
Nummulites,  79. 
Nyctotheros,  97,  98. 


O0TOOOBALI.A,  148, 146. 

Octopoda,  452, 460. 

Odontophora,  404,  417, 419,  6T8. 

OUgochieta,  66, 189, 198, 198, 199,  918,  674. 

Qncbidam,  60. 

Q^cddtB,  816. 

(discus,  219,  818. 

Ophiodes,  119. 

Ophiolepis  clUata,  484. 

Ophioridea,  466, 482. 

Ophrydidae,  100. 

OplBthobraQchiata,  487, 488. 

Opisthomam,  159. 

Orbttlina,  79. 

Orders,  28. 

"•  Organized,"  meaniDg  ot,  15. 

Organs,  28,  64,  65. 

Origin  of  living  matter,  41. 

-Origin  of  Species,*' 87. 

Orthldffi,  408  404 

Orthoptera,  864,  866,  876,  877, 881,  888. 

Ossicala  anditus,  66. 

Ostracoda,  221,  261. 

Ostrsea,  408-417. 

Oviparous  animals,  67. 

OvoviviparoQS  animals,  67. 

Oxidation,  waste  of  living  matter  by,  10. 

Oxyuris,  647. 

Oyster,  408. 


PAOFRiD-as,  299. 

Palseocyclus,  158. 

Pa]8Bf>ntology.    See  Fossils. 

Palinnms  vnlgaris,  298. 

Paladina,  180, 181,  425,  426. 

Pangenesis,  41. 

Paramoecinm.  48,  96-100. 

Parasites,  45,  67, 171, 181-t88,  187,  287,  241, 

242,  258,  262,  268,  814,  881, 884, 868,  887, 

416,440,  &50,  558. 
Pasteur's  experiments,  12, 18. 
Patellidas.  488,  444. 
Pecten.  408-416. 
Pectostraca,  258. 
Pedalion,  170, 171. 
Pedloellina.  571, 68S. 
Pedicels,  64. 


Pedicolina,  862, 868. 

Pelagia,  182, 188. 

Peltojgaster  pagori,  262. 

Penens,  800-802. 

PenicilUnm,  45. 

Pennatnlidffi,  145. 

Pentacrinus,  500. 

Pentastomida,  226,  284, 678. 

Pentastonmm  taenioides,  ^tOL 

Pentremites,  509. 

Perennibrancbiata,  68. 

Perforata,  79, 146-160, 168. 

PerldineaB,  76,  98. 

Peripatidea,  225,  584, 678. 

Peritricha,  95, 96, 100. 

Perla  nigra,  864. 

Peroniadse,  440.  « 

Peronia  verruculata,  448. 

Peronospora,  45,  46. 

Phalangidee,  826. 

Pballusia,  515,  520. 

Pharyngopneusta,  677. 

Pbaryngopneustal  series,  681. 

Pholas,  406,  408.  417. 

Phoronis,  217,  218. 

Pbrosina,  815. 

Phrynida,  826. 

Phylactolffimata,  672. 

Pbyllodoce,  214. 

virldis,  211. 

PhyUopoda,  242. 
Phyllosomata,  807, 808. 
Phylogeny,  42. 
Pbystdia,  115, 12i>,  180. 
Pbysemaria,  552,  574,  675,  68S. 
Physiology.  9, 16,  26. 
Physophoridae,  117. 128-188. 
Pllidium  gyrans,  166, 166. 
Pisidium,  414,  415. 
Placenta.  67, 101. 
Piagiostome  fishes,  67. 
Planaria,  161, 192,  676. 

dioica,161. 

Plants,  81-88,  44,  68. 
Pleurobranchia,  156. 
Plemx)dictyon,  158. 
Plnmatella  repens,  890,  891. 
PlnmalaridsB,  113. 
Pocillopora,  148. 
Podophiya  flxa,  94. 
Podophthalmia,  280,  264. 
PoduriduB,  882. 
Poecilopoda,  228. 
Polian  vesicles,  468, 488. 
Polyarthra,  171. 
Polycelis,  192. 

laevigata,  161. 

Polycheta,  66, 189, 199,  800, 807, 674, 57(k 

Polydstina,  83. 

Polygordius.  576. 

Polykrloos,  96. 

Polymyaria,  549. 

PolynSe,  200. 

Innulata,  210. 

SQuamata,  200^207,  818. 

Polyophthalmns,  200,  218. 
Polypes,  81,  62, 110. 
Polypide,  890. 
Polypite,  no. 
Polyplacophora,  480, 488, 678. 
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Polyzoa,  88,  58, 889,  571,  572,  576. 
Polyzoarium,  890. 
Pontellidse,  237,  818. 
Porifera,  51,  55,  62,  lu2, 109,  674. 
Porpita,  51, 127. 
Porites,  151. 
Prawn,  300. 
Priapulus,  216. 
Primordial  utricle,  18. 
Proctueha,  158, 162. 
Prodiictidse,  408, 404. 
Proglottis,  136. 

Prosobranchiata,  438,  489,  444. 
Protamoeba,  75,  86-8i*. 
Protein,  9. 

Proteolepas  bivincta,  261. 
Pi^teaa,  60. 

animalcules,  86. 

PtotOGoccus,  12,  17. 

Protogenes,  75-78,  86,  89. 

P^tomonas,  77,  85,  89. 

Protomyxa  aurantiaca,  76. 

Protoplasm,  9, 14. 

Protoplasta,  86,  574. 

Protozoa,  88,  47,  48,  64,  61,  62, 78, 102,  103, 

108,  574. 
Protozoic  series,  679. 
Protala,  207,  215. 

Dysteri,  208. 

Provinces  of  distribution,  24. 
Pseud-hsemal  system,  57. 
Pseudo-fllaria,  88,  89. 
Pseudo-navicella,  83. 
Pseudophyllidea,  187. 
Pseudopodia,  29,  78,  75. 
Pseudo-scorpions,  826. 
Psychology,  9. 

Pteropoda,  58,  68, 401,  424,  482-434. 
Pterygotus,  283. 
Pulicidse,  331. 

Pulmogasteropoda,  59,  424,  483. 
Pulmonary  sacs,  59. 
Pulmonata,  423-429, 440. 
Pulvinularia,  79,  80. 
Pupipara,  367. 
Pyenogonida,  831,  578. 
Pyrosoma,  614, 528. 
giganteum,  523. 


Eadtolabia,  12, 46-43, 68, 80-88, 98,  564, 574. 

Bedia,  179,  131. 

Beef-ouilders,  149. 

BenierinsB.  10?. 

Beproductive  system,  65. 

Bespiratory  system,  58. 

Bhabdocoela,  159. 

Bhabdopleura,  396,  397. 

Bhachis.  543. 

Bhizocephala,  253,  263. 

Bbizocrinus  lofotensis,  498. 

BhizostomidsB,  124. 

Bhodope,  425. 

Bhopalodina,  470. 

Bhynchocoele  turbellarla,  168. 

Bhynchonella,  398,  400. 

BhynchonellidsB,  408. 

Bock-builders,  81,  82. 

BotaUa,  78. 


Botifera,  12, 56,  89, 157, 162, 166, 674. 
Bugosa,  148, 149, 168. 
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Saooitlina  purpurea,  262. 
Sagitta,  63,  542,  577. 
Salpa,  86,  514,  518,  631,  582. 
Saipingoeca,  90. 
Sarsia  prolifera,  120. 
Saxicava,  408. 
Scallop,  408. 

Scalpellum  Yulgare,  260-262. 
Scaphopoda,  430-433. 
Schizocoele,  51,  52,  219. 
Schizopoda,  293,  299. 
Scolopendra  borbonica,  837. 

Hopei,  838. 

Scorpio  afer,  321. 

Scorpions,  59,  820, 828,  824. 

Scrupocellaria  ferox,  892. 

Scyllarus,  294. 

Sea  anemones,  110. 

Sensitive  plant,  44. 

Sensory  organs,  27. 

Sepiadee,  446,452, 468,  466. 

Sepia  officinalis,  446,  458. 

Serial  relations  of  invertebrata,  5T8L 

Serpulidae,  207,  214. 

Sertularidae,  117, 118. 

Shrimp,  803. 

Siphonophora,  118,  127, 188. 

Sipuncufijs  nudus,  216-218. 

Snail,  442. 

Solenhofen  slates,  186. 

Somatopleure,  57. 

Somites,  200. 

Sounds  firom  insects,  376. 

Spatangoida,  439. 

Spermatophores,  464. 

Sphaeromida^  815. 

Sphserozouurovodimare,  84, 8fiL 

punctatum,  84. 

Sphinx  ligustri,  867. 
Spiders,  826. 
SpiriferidsB,408. 
Spirillum  volutans,  12. 
Spirorbis,  207. 
Spirostomum,  97. 
SpirulidsB,  468. 
Splanchnopleure,  66,  57. 
Spongida,  102,  567. 
Spongilla,  104,  111. 

fluviatilis,  108, 107. 

Sporocysts,  182. 

Springs,  hot,  living  things  in,  14. 

Squids,  463. 

Squilla,  312,  819. 

scabricauda,  818,  319. 

Stor-Ash,  474. 

Stentor,  100. 

Stephanoceros,  167, 169, 170. 

Sternaspis,  21.\ 

Stigmata,  59,  825,  889, 866, 874> 

Stings  of  insects,  372. 

Stomatopoda,  287,  817. 

Stone  corals,  147, 149. 

Btrepsiptera,  871, 887. 

Btrombidium,  94. 

"  Struggle  for  exletenoe,'*  80. 
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8tylifer,  440. 
BtyloDychia,  100. 
Btylops  ateirimas,  887. 
Bun-animalcule,  82. 
Sundew,  44. 

*»  Survival  of  the  flttesC  41, 
Bycandra  raphanua,  5(58. 
Sycon,  110. 

ciliatum.  106. 

BylUs,  214,  215. 

vittata,211. 

Bynapta,  440,  467. 

digitata  and  iiih»rens,  471. 

Byncvtium,  105. 
Syrphus  ribesU,  868. 


Tabulata,  146, 148, 150. 

TsBnia,  188-188. 

Tape-worms,  182. 

Tardigrada,  225,  884, 578. 

Taxonomy,  16, 22, 561. 

Teeth,  56. 

Tegrumentanr  system,  65. 

Telotrocha,  164. 

Temperature  in  relation  to  liviiur  matter, 

11,  89. 
Tentacula,  51. 
Tentaculifera,  98. 
Terebratula,  40. 

psittacea,  40. 

Terebratulidie,  404. 

Terebratulina  septentrionalis,  400. 

Teredo,  406,  417. 

Testacellidie,  440. 

Tetrabranchiata,  465. 

Tetraphyllidea,  187. 

Tetrarhynchus,  188, 187. 

Tetrastemma,  168, 164. 

Teuthidse,  452,  468, 465. 

Thecosomata,  485-487. 

Thysanopoda,  299. 

Thysanura,  220,  862, 868. 

Ticks,  829. 

TissueH,  17. 

Tomopteris,  207. 

Torquatella.  98. 

Torula,  88. 

Tracheffi,  59. 

Tracheo-branchle,  221. 

Trachynemata,  185. 

Tradescantia  hair,  75. 

Trematoda,  58, 56, 157, 171-178, 182-188, 190, 

574,  575. 
Tremoctopns,  462. 
Triarthra,  170, 171. 
Trichina,  550,  551.   . 
Trichocvsts,  97. 
Trichodidffi.  100. 
Trichodina  graudinella,  9o. 
Tricboscoiiees,  575,  580, 681. 
Trigonia,  69,  416. 
Trilobita,  220, 224, 225, 578. 


Trochus  dnerarluB,  ^Oi 

Tnblcola,  207. 

Tubifez,  198, 199. 

Tnbipora,  146. 

Tubularidn,  118, 182. 

Tnnlcata,  58, 55,  59,  67, 610,  676,  68L 

Turbellaria,  45,  51,  56-61,  65, 167,  67a-670. 

Tylos,  815. 

Types,  morphological,  49. 

TypUosole,  196,  518. 


Umio  pictorum,  416. 
Uropoietic  system,  61. 


Vagintlcs,  429. 

YampyreUa,  75,  96. 

Vanessa  atalanta,  867. 

Velella,  127. 

Ventriculites,  110. 

Veronicellidffi,  440. 

Vertebrata  and  InTertebrata,  49. 

Vibracula,  89a 

Vibrionidae,  89. 

Vital  force,  15. 16. 

ViyiparouB  animals,  67. 

Volvocineae,  89. 

Volvox,  89,  579. 

VortioelUdffi,  5,  88, 48,  62,  64, 94-101. 


Waldheimia,  8^. 

australis,  899. 

Waste  of  living  matter,  10. 
Water  in  living  matter,  lOi 
Willsia,  120, 121. 
WoUBan  duct,  61. 


Xtpuobitba,  228, 282. 


Tbast,  12. 
Yeast-plant,  46b 


Z0A4, 802, 808. 

Zoanthldae,  145, 146. 

Zoanthodeme,  188. 

Zoological  chronology  and  geography,  70. 

Zoophyta,  574. 

Zoophytic  series,  680 
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